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0 6iqaa Macca HaKonneHHbix npo- 
MbimneHHbix OTXoqoB cocTaBnaeT 
okojio 30 MJipq. t. Hh3khh oOtSm nepe- 
pahoTKH OTXoqoB b yKpaime (10-15 
%) o6ycjiaBJiHBaeT pocT TexHoreHHoro 
3arpa3HeHiM Bcex KOMnoHeHTOB OKpy- 
acaioiqeH npupoqHon cpeqbi (OnC). 
npohneMa oTxoqoB HMeeT paq cepbe3- 
HBIX 3KOJIOrnneCKHX H TKOHOMHUe CKHX 
acneKTOB ri TpeOyeT npiiHaTiia HeoT- 
jitokhbix Mep no ee pemeHHio. PemeHHio 
npoOneMbi npoMbimneHHbix OTxoqoB 
cnocoOcTByeT onTHMtnaiqifl nx ncnojib- 
30BaHiw, CTHMynnpoBaHHe n pa3BHTne 
6e30TxoqHbix TexHononnT. Xopomo pa3- 
paOoTaHbi TexHonornn yTHJin 3aitnn ot- 
qejibHbix BiiqoB npoMbimjieHHbix otxo- 
qoB b CTpoHTeJibHbie MaTepnajiw [1,2]. 

Lle.ibio pafioTbi ;i Bnanocb chhvkc- 
nne TexHoreHHon Harpy3KH Ha OnC 
b pernoHax c bbicokhm ypoBHeM HaKO- 
nneroia TBepqwx npoMbimneHHbix ot- 
xoqoB 3a cueT BbiaBnemia nx none3Hbix 
cbohctb n qajibHenmen yTHJiH3aitHH b 
KauecTBe TexmiuecKiix MaTepqanoB. 

Ofil.CKII.I HCC.ie.IOBailH si - ot- 
BanbHbie qoMeHHbie iiuiaKH OAO «3a- 
nopo>KCTajib», nAO «MapnynojibCKnn 
MeTanjiypruuecKHn KOM6nHaT hmchh 
HjibU'ia», OAO ,H,HenpoBCKHH MeTan- 
jiyprnuecKHH KOM6nHaT hm. <t>3. ,H,3ep- 
/KHHCKoro (OAO ,H,MK); OTBanbHbili n 
rpaHyjinpoBaHHbin qoMCHHbin rnnaK 
OAO «ApcejiopMnTTan KpuBon Por»; 
OTBajibHbie MeTanjiypruuecKne ninara-i 
nodyaccKoro (JieppoHHKeneBoro kom- 
6iiHaTa (ncDHK) npoH3BoqcTBa cnnaBa 
FeNi n HriKonojibCKoro 3aBoqa (Jieppo- 


cnnaBOB (H3<I>) npoH3BoqcTBa cnnaBa 
FeSi. B paOoTe o6ocHOBaHa stjnjieKTHB- 
hoctb npaKTHuecKoro Hcnonb30BaHiia 
noMeHHbix mnaKOB (oTBanbHbix n rpaHy- 
nnpoBaHHbix) b nporaBoqcTBe Bancymnx 
MaTepnanoB, uto aBnaeTca aKTyanbHbiM 
B ycnOBHHX HeXBaTKH KOHnHItHOHHOrO 
cbipba b yKpanHe. HanpaBncHne yra- 
nH3aitnn onpeqenaeTca xiiMimecKiiM 
sneMeHTHbiM n MiiHepanornnecKiiM co- 
CTaBOM mnaKOB. J\nx OTBanbHbix mna- 
KOB npoH3BoqcTBa (JieppocnnaBOB n 
rpaHynnpoBaHHoro qoMCHHoro mnaKa 
OAO “ApcenopMurran KpuBon Por” 
(4>paKqiin >10 mm 6enoro qBeTa) 060- 
CHOBaHa qenecoo6pa3HOCTb BTopimqoro 
Hcqonb30BaHna b KauecTBe copdeHTOB 
opraqqnecKHX BeiqecTB qpn oracTKe 
qpoMbimneHHbix ctohhbix Boq. 

iKcnepiiMeiiia.ii.in.ie vie io n.i hc- 
CJieqoBaHHH xiiMiinecKoro cocTaBa h 
TeXHHHeCKH nOJie3HbIX CBOHCTB UlJia- 
KOB. IIcqonb30BaHbI 4>H3HKO-XHMHUe- 
CKiie MeToqbi HccneqoBaHiia: peHTreHO- 
(J)a30BbiH, raMMa-cqeKTpoMeTpqqecKHH, 
XHMunecKHH, qeTporpacJiHnecKHH, th- 
TpHMeTpqqCCKHH H CqeKTpO(])OTOMeTpH- 
necKHH, a TaKace 3neKTpoqHO-30HqoBbiq 
MHKpoaqanH3. 

C qoMoiqbio peHTreHO(])a30Boro 
aHanH3a BbiaBneHbi MHqepanw mnaKOB, 
Haxoqaiqqeca b KpucTannunecKOM co- 
CToaqqq, oqpeqeneHbi CTpyKTypw Kpq- 
CTannoB MimepanoB, qoqTBepacqeHO qa- 
nimqe aMoptJmoro cocToamia BeiqecTB. 
B cocTaBe OTBanbHbix h rpaHynqpoBaH- 
hmx qoMeHHbix mnaKOB qoKa3aHO npq- 
cyTCTBHC MHHepanoB, qcHHbix qna npo- 


H3BoqcTBa Baacyiqux MaTepnanoB: 6pe- 
qqrqTa, napqqTa, OKepMamiTa q qceB- 
qoBonnacTOHHTa. PaccuHTaqa MaccoBaa 
qona CTeKnoo6pa3Horo KOMnoHema, 
cocTaBnaioiqaa qonoBqqy Maccw qo- 
Mcqqoro mnaKa OAO «3aqopoaccTanb» 
q MeTannyprqnecKoro mnaKa n<5HK 
qpoH3BoqcTBa cnnaBa FeNi. Ochobhbim 
M iinepanbnbiM KOMnoHeHTOM OTBanb- 
nwx mnaKOB ncDHK h H3<I> aBnaeTca 
qqoncqq CaMg(Si0 3 ) 2 , HaxoqaiqHHca b 
K pqcTannqqecKOM h aMoptjmoM cocToa- 
nuax. 

XnMnnecKHH aHanH3 OTBanbnwx qo- 
MeHHbix mnaKOB noKa3an He3HanHTenb- 
Hoe npqcyTCTBHe b iix cocTaBe Taacenbix 
MeTannoB, Macc. %: Cu - 0,5; Ti - (0,1- 
0,36); Mn - (0,14-0,42); Fe - (0,23-0,8), 
hto ne npeqcTaBnaeT onacHocra npn 
qanbHeiimeq yTunroannH. Bonee bbi- 
coKoe coqepacaHiie Taacenbix MeTannoB 
b rpaHynHpoBaHHOM qoMeHHOM rnnaKe 
OAO “ApcenopMurran KpiiBoii Por”, 
Macc. %: Fe - 15,38; Mn - 5,8. B mna- 
Kax npoH3BoqcTBa (JieppocnnaBOB Mac- 
coBbie qonq Taacenwx MeTannoB cneqy- 
tomne, %: Ti - (0,11-0,21); Mn-(0,19- 
9,1); Fe - (3, 0-7,0); Cr - (0,23-0,65). 

MoptJionornuecKHe ocoheHHOCTii 
noBepxHOCTH nacTiiq rpaHynoMeTpq- 
necKiix (JipaKqHH npoMbimneHHbix ot- 
xoqoB, oxapaKTepii30BaHHbie MeToqoM 
paCTpOBOH SneKTpOHHOH MHKpOCKOnilH, 
no3Bonqnq oqeHHTb cophquoHHyio aK- 
THBHOCTb nOBepXHOCTH uacTiiq H (jiaK- 
Topw Ha Hee BnnaioiqHe: CTeneHb pa3- 
pwxneHiia noBepxHOCTH arnoMepaTa, 
KonimecTBO nacTiiq h iix (jiopMy. 
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r aMMa-cneKTpoMeTpHHecKHM aHa- 
JIH30M BBWBJieHO IipHCyTCTBHe B TeX- 
HoreHHbix MaTepHanax ecTecTBeHHbix 
pa^HOHyKJiH^OB: 226 Ra, 232 Th h 40 K. 

^OKa3aHO COOTBeTCTBHe HCCJie^OBaH- 
HblX OTXO^OB I Kjiaccy pa^HatlHOHHOH 
onacHocra, onpe^ejiaiomee oTcyTCTBHe 
OrpaHHHeHHH npH HCII0JIb30BaHHH OTXO- 
#ob b KanecTBe TexHHHecKHx MaTepna- 
jiob [3]. YcTaHOBJieHO BapbHpoBaHHe pa- 
,3HOaKTHBHOCTH TpaHyJIOMeTpHHeCKHX 
(JjpaKUHH npOMblUIJieHHblX OTXO^OB. 

CopGUHOHHaa aKTHBHOCTb MeTaji- 
JiyprHHecKHX niJiaxoB IIOHK h H30 hc- 
cne^oBaHa cneKTpo(J)OTOMeTpHHecKHM 
MeTO^OM npH nomomeHHH H3 bquhbix 
pacTBopoB opraHHHecKHX KpacHTeneH: 
MeTHJieHOBoro cHHero (MC), mcthjibh- 
ojieTa (MB) h KOHro KpacHoro (KK) c 
onpe^ejieHHeM CTaTHHecKOH oSmchhoh 
eMKOCTH (COE). 

Hcnojib30BaHHe /iomchhux imia- 
KOB B npOH3BO,HCTBe BH/K\mHX BC- 
mecTB. JJpMemibie niJiaKH MoryT hc- 
nonb30BaTbca b npoH3BO^CTBe Ba^cymnx 
MarepHajioB no £ByM ochobhbim HanpaB- 
jieHnaM: b KanecTBe cbipbeBoro komiio- 
HeHTa npoH3BO^CTBa nopTJiaHzmeMeHT- 
Horo KJiHHKepa n b npoH3BO£CTBe uuia- 
KonopTJiaHzmeMeHTa npn cobmccthom 
noMOJie LieMeHTHoro KJiHHKepa n injiaxa 
[4]. 06ocHOBaHbi npHHiinnbi Bbi6opa 
HanpaBJieHHfl Hcnojib30BaHH5i otxo^ob 
b npoH3BO^CTBe BJDKymnx MaTepnanoB: 
OTCyTCTBHe TOKCHHHbIX 3JieMeHTOB, He- 
o6xo^HMoe KOJiHnecTBeHHoe cooTHoine- 
HHe OKCH^OB 3JieMeHTOB, COOTBeTCTBHe 
uniaKOB peKOMeH^ann^M Mo^yjibHon 
KJiaCCH(J)HKaHHH H BeJIHHHHaM K03(j)(t)H- 
oneHTOB KanecTBa n Hacbimemw, Hajin- 
HHe TH^paBJIHHeCKH aKTHBHbIX MHHepa- 
jiob n aMop(J)Horo cocToaHna BemecTB, 
COOTBeTCTBHe Tpe60BaHHflM HOpM pa- 
aHaHHOHHOH 6e30naCH0CTH. B COOTBeT- 
CTBHH C OKCH^HblM, pa^HOHyKJIH^HblM 
COCTaBOM H BeJIHHHHaMH MQZjyneH OT- 
BajibHbiH jioMeHHbiH innaK OAO «3a- 
nopo»ccTajib» mo>kho Hcnojib30BaTb no 
^ByM HanpaBJieHnaM: 6e3 paccenBaH na 
Ha (JjpaKOHH KaK KOMnOHeHT CbipbeBOH 
CMecn npoH3BO^CTBa nopTJiaHzmeMeHT- 
hoto KJiHHKepa npn nacTHHHOH 3aMe- 
He rjiHHHCToro KOMnoHeHTa; (JjpaKijHK) 
HiJiaKa >20 mm - b npoH3BojicTBe pa- 
jjnaHHOHHO 6e3onacHoro umaKonopT- 
jiaH/meMeHTa (IlinU,). KaK CbipbeBOH 
KOMnOHeHT B npOH3BOZlCTBe nopTJiaH^- 
oeMeHTa bmccto rjiHHbi h npn BTopnn- 
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HOM HCnOJIb30BaeiIH B npOH3BOaCTBe 
uinu, mojkho peKOMeH^oBaTb rpaHyno- 
MeTpnHecKyio (JipaKiiHio HiJiaKa 2, 5-5,0 
mm IIAO «MMK HMeHH MjibH'ia)). Ot- 
BajiBHBiH flOMeHHbifi mnaK OAO ,H,MK 

MOJKHO peKOMeHflOBaTB KaK CbipbeBOH 
KOMnOHeHT B npOH3BOflCTBe nopTJiaHfl- 
qeMeHTa h UiniJ 6e3 npenBapHTeJibHoro 
ero pacceiiBaHiis Ha rpaHyjioMeTpHHe- 
CKHe (jipaKUHH. OTBanbHblH HOMeHHblH 
mnaK h (JipaKHHa >10 mm rpaHyrmpo- 
BaHHoro rnnaKa OAO «ApceJiopMHTTan 
KpHBofi Por» MoryT Obitb peKOMeHqoBa- 
Hbl K npaKTHHeCKOMy HCn0JIb30BaHHK> 
no HByM Bbirne yKa3aHHbiM HanpaBJieHH- 
«m npoH3BoqcTBa Baacymnx. OTBanbHbifi 
mnaK TaKxce mojkho Hcnojib30BaTb KaK 
KoppeKTHpyiomyio jKeJie3HCTyio no6aB- 
Ky K CbipbeBOH CMeCH. 

CopSuHOHHbie cBoiicTBa MeTaji- 
jiypmHecKiix ui.iaKoe Ha ocHOBe 
a.iioMociiJiiiKaTOB KajibiiHH h Manilla. 
Onpenenenw ocHOBHbie KpHTeprai hc- 
noJib30BaHiw HiJiaKOB b KanecTBe cop- 
6eHTOB flJIJI O'lHCTKH BOH: OTcyTCTBHe 
TOKCHHHbIX 3JieMeHTOB, npHCyTCTBHe B 
cocTaBe ajHOMOCHJiiiKaTOB KanbHHa h 
M anilla, HajiiiHHe aMopijiHoro coctos- 
Hiia BemecTB, COOTBeTCTBHe TpeOoBaHii- 
aM HopM pannaHHOHHOH 6e3onacHOCTH. 
/faHHbIM KpHTepiiaM COOTBeTCTByiOT Me- 

TanaypniHecKHe mnaKii n<f>HK h H3<t> 
h (JipaKHHa >10 mm rpaHyjinpoBaHHoro 
HOMeHHoro rnaaKa OAO «Apceaop- 
MiiTTan KpHBofi Por». IlccaeHOBaHHbie 
IHJiaKH HeTOKCHHHbie H npil HHHTeabHOH 
3KcnjiyaTaHHH He HapymaioT caHHTap- 
HO-riirneHHHecKHX TpeOoBaHiiii, npeni.- 
aBaaeMbix k miTbeBOH Bone, hto HOKa3a- 
HO OTCyTCTBHeM HeCOp6HHH H3 HiJiaKOB 
TOKCHHHbIX COeHIIHCHIIH . 

noHoOpaHbi peacHMbi onTHMaabHOH 
XHMHHe CKOH aKTHBaHHH IHHaKOB B 3a- 
bhchmocth ot npHpoHH copOaTa. ^l,aa 
HiJiaKOB n®HK h H3<t> onTHManbHa 
KiicaoTHaa aKTHBaquH pacTBopoM 0,5 
M H,S0 4 , qua maaKa OAO «Apceaop- 
MiiTTan KpiiBoii Por» - npeHBapHTeab- 
Haa o6pa6oTKa bohoh. KucaoTHaa h 
iHeaoHHaa aKTHBaqua HHoncHHOBoro 
HiJiaKa MoryT ncnoab30BaTbca b pa3- 
aiiHHbix peaaiMax copGimii opraHiine- 
ckhx KpacHTeaefi. Ha npiiMepe copGiuiii 
MB HHoncHHOBbiM rnaaKOM noKa3aHO, 
HTO KHCHOTHyiO aKTHBaHHIO MTOKHO HC- 
noab30BaTb b CTaTHHecKiix ycaoBiiax. 
LU,cnoHHaa aKTiiBaima Heaecoo6pa3Ha 
b ycaoBiiax HUHaMiine ckoh cop6unn 


MB C HeBbICOKOH CKOpOCTblO npoxoac- 
HeHiia pacTBopa nepe3 cjioh copOema. 
nOBepXHOCTH HiaaKOB, MOHH(})HHHpO- 
BaHHbie b npoHecce aKTHBaHHH, b najib- 
HeiimeM ocTaioTca CTa6irabHbiMH npn 
copGiuiii opraHHHecKHx coennHeHini 
H3 paCTBOpOB pa3HHHHOH KHCHOTHOCTH. 
yBeaHHCHHe COE KoppeanpyeT c pa3- 
pwxaeHiieM noBepxHOCTH HiJiaKa. npn 
aKTHBaHHH pa3JIHHHbIMH XHMHHeCKHMH 
areHTaMH pacTBopaioTca onpeneaeHHbie 
XHMHHeCKHe KOMnOHeHTbl HiJiaKa. 

OnpeneJieHa MaKCHMaabHaa COE 
rnaaKa Ha ocHOBe HHoncHaa no otho- 
rneHHio k MC, KK, MB b CTaTiinecKHX 
ycaoBiiax. /],OKa3aHO npaKTHHecKoe OT- 
cyTCTBHe aecop6HHii MC, KK, MB. 
nopaaoK npoHecca copOiiHH MC HHon- 
chhobbim rnaaKOM MeHaeTca bo BpeMe- 
HH H B 3aBHCHMOCTH OT COOTHOHieHHa 
«MC : inaaKOBbiii cop6eHT». BwcoKiie 
3HaneHHa COE, scJxJieKTHBHocTH cop6- 
HHH MC h HaiiOoabmaa CKopocTb hx 
yBeaHHeHiia bo BpeMCHii OTMeneHa npn 
COOTHOIHCHHH «MC : HiaaK» = 1 mt/t. 
KoaiiHecTBeHHbie noKa3aTean cop6unn 
MC MHHepaaoM HHoncHHOM 3aBHcaT 
OT KHCaOTHO CTH BOHHOH (jia3bl. YMeHb- 
HieHHe COE H 3(J)(]jeKTHBHOCTH OHHCTKH 
pacTBopoB ot MC c yMeHbmeHiieM pH 
onpeaeaaeTca npoTOHHpoBaHHeM Moae- 
Kyaw opraHHHecKoro KpacHTeaa. 

References: 

1. Sumatohina I.M. Promislovi 
vidliodi jak chinnik stanu ekologichnoi 
bezpeki regionu: ocinka, kartograluvarmja, 
upravlimija [Industrial wastes as a factor of 
the state of ecological safety in the region: 
assessment, mapping, management]., 
I.M. Sumatohina, N.M. Duk, O.A. 
Shevchenko., Ekologija dovkillja ta 
bezpeka zhittedijal’nosti [Ecology of 
environment and health safety], - 2008., 
No. l,pp. 69-75. 

2. Taranov V.G. Geotehnika, 
geojekologija i problema othodov [Geo- 
technics, geo-ecology and problem of 
wastes]., V.G. Taranov., Kommunal’noe 
hozjajstvo gorodov: nauch. tehnich. sb. 
[City municipal services: scientific an 
technical collection]., Issue 38. - Kiev., 
Tehnika [Technics], 2002., pp. 91-96. 

3. Normy radiacionnoj bezopasnosti 
Ukrainy (NRBU-97) [Radiation safety 
standards of Ukraine], - Kiev., MOZ, 
1997.- 121 p. 


4. Boott Ju.M. Portlandcementnyj 
klinker [Portland cement clinker]., 
Ju.M. Boott, V.V. Timashev - Moskva., 
Strojizdat, 1967. - 303 p. 

JlHTepaTypa: 

1. CyMaToxma I.M. IJpoMHCJioBi 
BUIXOttH UK HHHHHK CTaHy eKOJioriuHo'i 
6e3neKH perioHy: oqiHKa, KapTorpacJiy- 
BaHHn, ynpaBJimra., I.M. CyMaroxiHa, 
H.M. ,H,yK, O.A. IIIcBHeHKO., Emnorm 
qoBKijuia Ta 6e3neKa acHTTeqijfflbHOCTi. 
- 2008., Ns l.,C. 69-75. 

2. TapaHOB BT. TeoTexHHKa, reo- 
3KOJiorrw h npo6jieMa otxohob., BT. 


TapaHOB., KoMMyHajibHoe xo3hhctbo 
ropoqoB: Hayn. TexHHH. c6. - Bbin. 38. - 
KiieB., TexHixa, 2002., C. 91-96. 

3. HopMbi paHHaqHOHHofi 6e3onac- 
hocth yKpaHHbi (HPBy-97). - KneB., 
M03, 1997.- 121 c. 

4. Eyrr IO.M. IlopTJiaHHHeMeHTHbiH 
KjniHKep., IO.M. Eyrr, B.B. TriMameB - 
MocKBa., CTpoHH3ttaT, 1967. - 303 c. 

Information about authors: 

1. Elina Khobotova - Doctor of 
Chemistry, Full Professor, Kharkiv 
National Automobile and Highway 
University; address: Ukraine, Kharkiv city; 


GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 

e-mail: chemistry@khadi.kharkov.ua 

2. Marina Ukhanyova - Postgraduate 
Student, Kharkiv National Automobile 
and Highway University; address: 
Ukraine, Kharkiv city; e-mail: 
chemistry @khadi .kharkov.ua 

3. Inna Grayvoronskaya 
Postgraduate Student, Kharkiv National 
Automobile and Highway University; 
address: Ukraine, Kharkiv city; e-mail: 
chemistry @khadi .kharkov.ua 

4. Julia Kalmykova - Applicant, 
Kharkiv National Automobile and 
Highway University; address: 
Ukraine, Kharkiv city; e-mail: 
chemistry@khadi.kharkov.ua 


5 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


U.D.C. 628.518:539.16 

CHEMICAL AND ECOLOGICAL 
JUSTIFICATION OL UTILIZATION 
OF BLAST FURNACE SLAGS IN 
PRODUCTION OF THE BINDERS 


E. Khobotova, Doctor of Chemistry, Full Professor 
Ju. Kalmykova, Applicant 
M. Ignatenko, Postgraduate Student 

Kharkiv National Automobile and Highway University, 
Ukraine 

Authors have shown the correspondence of chemical properties and 
hydraulicity of blast furnace slags with the quantitative criteria of oxide 
composition and the system of modules detennining their utilization as 
binders. It was shown that the slags are considered to belong to the first 
class of radiation danger. 

Keywords: blast furnace slags, utilization, minerals, hydraulicity, 
binders. 

Conference participants 


w 628.518:539.16 

XHMHKO-DKOJIOTHHECKOE 
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yHHBepcHTeT, YKpaHHa 

IIOKa3aHO COOTBeTCTBHe XHMHHeCKHX CBOHCTB H THJtpaBJIHHCCKOH 
aKTHBHOCTH HOMCHHblX IHJiaKOB KOJIHHCCTBCHHblM KpHTepHJIM OKCHfl- 
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OMeHHBie nuiaKH o6pa3yioTCH Ha 
p^me MeTajuiyprHHecKHX npeztnpH- 
HTHH YKpaHHBI H npe^CTaBJHHOT co6oh 
MHO rOTOHHa)KHBie OTXOZtBI npOMBIIH- 
JieHHOCTH. B 3aBHCHM0CTH OT CKOpOCTH 
oxjia^eHHH nuiaKH ^ejiaTca Ha rpaHy- 
JIHpOBaHHBie H OTBaJIBHBie. rpaHyJIHpO- 
BaHHBie nuiaKH BRJiionaioT BemecTBa b 
aMOp(J)HOM COCTOHHHH, odjiajtaiOT BBI- 
COKOH XHMHHeCKOH H rH^paBJIHHeCKOH 
aKTHBHOCTBK), n03T0My HX HCnOJIB3yiOT 
B npOH3BOJtCTBe CTpOHTeJIBHBIX Marepn- 
ajioB. Me^JieHHO oxjia^c^eHHBie nuiaKH 
HBJUHOTCa KpHCTaJIJIHHeCKHMH, Halite 
Bcero npoHBJiaioT Manyio XHMHHecKyio 
aKTHBHOCTB H peKOMeHJtyiOTCH TOJIBKO 
KaK 3anojiHHTejiH 6 ctohob. OjtHaKO ot- 
BanBHBie nuiaKH Moryr hmctb uinpo- 
KHH CneKTp MHHepaJIOB, B TOM HHCJie 
BKJIIOHaTB THttpaBJIMHeCKH aKTHBHBie 
MHHepajiBi, hto onpettejiaeTca cocTaBOM 
HCXOJtHOrO CBipBH H TeXHOJIOTHHeCKHMH 
yCJIOBHflMH npOH3BOJtCTBa. Il03T0My RJW 
Ka^Gtoro npe/tnpHHTHH Heodxo^HMO ot- 
^ejiBHoe HccjiettOBaHHe hx xhmhhc ckoto 
h MHHepajiorHHecKoro cocTaBa, hto TeM 
donee aKTyajiBHO rjisl YKpaHHBI, b ko- 
TOpOH OHtymaeTCH .ZtecjlHItHT CBipbfl RJW 
npoH3BO^CTBa BH^cyutHX MaTepnajioB. 

Il,ejibio paSoTbi flBJuuiocB noBBiine- 
HHe paHHOHaJIBHOCTH H KOMnJieKCHOCTH 
HCn0JIB30BaHHH TBepZtBIX npOMBIHIJieH- 
HBIX OTXOZtOB 3a CHeT BBDIBJieHHfl nOJie3- 
HBIX TeXHHHeCKHX CBOHCTB ^OMCHHBIX 
HIJiaKOB H odoCHOBaHHH HX yTHJIH3aitHH 
b KanecTBe BjmyntHX MarepHanoB. Oc- 
HOBHBIMH HanpaBJieHHflMH flBJWIOTCfl: 
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3aMeHa uacTH cwpbeBoro rniiHHCToro 
KOMnoHeHTa b npoH3BoqcTBe nopTnaHq- 
qeMeHTHoro KJiHHKepa h Hcnonb30BaHHe 
mnaKa KaK KOMnoHeHTa mnaKonopT- 
JiaHqqeMeHTa (LUIUI,) qpq coBMecTqoM 
qoMOJie qeMeqTqoro KJiqqKepa q mnaKa. 

Ofii.eK i i.i HCCJieqoBamiH - OTBanb- 
qbie qoMeqqwe mnaKH OAO «3anopo>K- 
CTanb», nAO «MapqyqojibCKiiq MeTan- 
jiyprquecKHH KOMdqqaT iiMeqq Iljibii- 
na», OAO ^.qeqpoBCKnq MeTannypru- 
uecKHH KOM6qqaT hm. <f>. 3. /IqepncHH- 
CKoro (OAO J(MK); nAO AnneBCKiiii 
MeTajmypnmecKMq KOM6qqaT (AMK); 
OTBajibqwq h rpaqyjiqpoBaqqbiq qo- 
Mcqqwq mnaK OAO «ApceJiopMnTTan 
KpqBoil Por». B padoTe odocnoBaqa 3<}>- 
(jiCKTHBqo CTb qpaKTMuecKoro Hcnonb30- 
Baqqn qoMeqqwx mnaKOB (oTBanbHbix q 
rpaqynqpoBaqqbix) b npoH3BoqcTBe ba- 
ncyniHx MaTepqanoB, hto ABnaeTca aKTy- 
anbHbiM b ycnoBiiax HexBaTKH KOHqqqq- 
OHHoro cbipbA b YKpaqqe. HaqpaBJicqqe 
yTqjimaqqq onpeqenaeTca XHMMHecKMM 
3JieMeqTHbiM q MiiHepanonmecKHM co- 
CT3B0M mnaKOB. 

3KcnepqMeHTajibHbie mcio ii.i hc- 
cjieqoBaHHH xHMHHecKoro cocTaBa q 
TeXHIIHeCKH nOJie3HbIX CBOHCTB HO- 
mchhux uinaKOB: peHTreH0(J)a3OBbiH, 
neTporpacJiHHecKHH, raMMa-cneKTpo- 
MCTpHHeCKHH, 3neKTpOHHO-30HqOBbIH 
MHKpoaHanH3 no3Bonqnq onpeqeniiTb 
MqqepanorHHecKHH, OKcqqHbiq, paqno- 
HyKnqqHbiq q sneMeHTHbiq cocTaBbi 
mnaKOB, oqeHHTb hx runpaBnunecKyio 
aKTHBHOCTb no cqcTeMe Moqynefi h Be- 


nHHHHaM K03(})(J)HHHeHT0B KanecTBa KK 
q HacbiiqeHHn KH. OcHOBHbie Konune- 
CTBeHHbic KpHTepqq, xapaKTepH3yioutHe 
CBOHCTBa mnaKOB, npHBeqeHbi b Ta6nq- 
qe 1 . Pa3qeneHHe cpeqHHX npo6 mnaKOB 
Ha (jjpaKqqq npoBoqqnocb c noMoiqbio 
Hadopa cht. 

Pa.iHoaKi ifBiibie CBoiicTBa tomch- 
hmx uuiaKOB. raMMa-cneKTpoMeTpqHe- 
ckhm MCToqoM onpeqeneHbi yqenbHbie 
aKTHBHOCTH ecTecTBeHHbix paqqoHy- 
KnqqoB (C.) h 3(}>(}>eKTHBHbie yqenbHbie 
aKTHBHOCTH (C ^ ) TpaHynOMeTpHHeCKHX 
(JtpaKqHH mnaKOB, KOTopwe paccHHTbiBa- 
nucb no ypaBHCHHio [1] 

C„=C n + 1,31C + 0,085C , Ek kh 1 . 

etp. Ra 7 Th 7 K’ 

B cocTaB uccneqoBaHHbix mnaKOB 
BxoqaT ecTecTBeHHbie paqHOHyicnHqbi: 
226 Ra, 232 Th h 40 K. Ochobhoh BKnaq b Be- 
nHHHHy C^, npaKTHHecKH bo Bcex cny- 
naax bhocht paqHOHyKnuq 226 Ra, 3aTeM 
- 232 Th. CornacHO BcnnHime C , mnaKH 

3<p. 

h hx OTqenbHbie (JipaKqHH othocatca k 
nepBOMy Knaccy paqHaquoHHOH onac- 
hocth, qna KOToporo He npeBbimaeT 
BcnHHHHbi 370 Ek/kt [1], IIoqodHbie Ma- 
Tepnanbi Moryr Hcnonb30BaTbca b CTpo- 
HTenbCTBe de3 orpaHHHCHHA. 

XHMHKO-MHHepajlOTHHeCKOe 000- 
CHOBaHHC yTHJlH3aiIHH HOMCHHblX 
HIJiaKOB B npOH3BOqCTBe IICMCHIOB. 
H3yHeHHbie qoMeHHbie mnaKH cooTBeT- 
CTByiOT OpHeHTHpOBOHHbIM 

TpedoBaHimM, npeqMBnaeMbiM k 
XHMHHecKOMy cocTaBy cwpbeBbix ran- 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 

Ta&n.l. 


KojiHHecTBeHHbie k-piiiepnn, onpeqejiaiomHe yTHJiH3aumo ,io\ieimi,ix m.iakOB 
h hx rpaHyjiOMeTpiiHecKiix <|)p;\kHMii b npoH3BoqcTBe BHSKymiix MaTepnajiOB 


IIIjiaK 

MeTajiJiyprHMecKoro 

npe^npHaTHfl 

M o >l,0 

[2] 

M 1,7- 

THflp. 7 

2,4 

[3] 

KK 

1,65- 

1 COpT 

[4] 

CbipteBOH KOMIIOHeHT 
npOH3BOflCTBa 
nopTJiaH/meMeHTa 

KoMnoHeHT HinU, 

KH no JIh- 
napKepy 
85-100 [3] 

KH no KnHfly- 
^»caHry 
0,92-0,95 [3] 

Si0 2 / 

Ca0+Al 2 0 3 

M, 

3 copT 
0,12 [5] 

KH 

0,85-0,95 [5] 

«3anopoaccTajib» 

OTBaJlBHLIH 

^OMeHHbiii 

1,38-1,99 

1,93 

(})paKiina 

>20 

1,8-2,35 

MaKCHManbHO 
AJia (J)paiciiHH 
>20 

MaKCHMajibHO 
aJM (J)paKIIHH 
>20 

Coot. 

0,11-0,15 

MaKCHMajibHO jiJia 
(J)paKu;HH >20 

MMK 

OTBaJIbHblH 

^OMeHHBIH 

1,67-2,75 

1,91 

([ipaKUHH 

<0,63 

2,16-3,45 

100 % 

(|>paKiuia 

>2,5-5 

MaKCHMajibHO 
Aim (JjpaKiiHH 

2,5-5 

Coot. 

0,12-0,19 

1,0 

(jjpaKijHJi 2,5-5 

J\MK 

OTBaJlbHblH 

^OMeHHBIH 

1,69 

cpe^HJia 

npo6a 

1,68-1,82 

2,05 

CpC/UIMH 

npo6a 

70,5 % 

MaKCHManbHO 
JXJIH (J)paKIIHH 
<0,63 

He coot. 

Coot. 

CpeflHaa 

npo6a 

He coot. 

AMK 

OTBaJIBHtIH 

flOMeHHBIH 

1,66-3,42 

1,82-1,97 

(jjpaKqiia 

>5 

2,14-5,3 

167,3 % 
(JjpaKijnH >5 

0,63-1,45; 
(fipak'iniM >5 
0,63-1,01 

Coot. 

0,14-0,21 

90,4-167,3 
(jjpaKijHJi >5 

«ApcenopMHTTaji» 

OTBaJlBHblH 

^OMeHHBIH 

1,33 

cpe^HJia 

npo6a 

He coot. 

3,46 

cpeaHaa 

npo6a 

81,72% 

cpe^Haa 

npo6a 

He coot. 

Coot. 

0,12 

cpe^Haa 

npo6a 

0,88 

cpe^Haa npo6a 

«ApcenopMHTTaji» 
rpaHyjiHpoBaHHbiH 
^OMeHHbiH innaK 

2,19-5,94 

(fipaKiiHsi 

>10 

2,01 

(jjpaKqua 

>10 

2,74 

(jjpaKIIHH 

>10 

78,44 % 
(J)paKu;Ha >10 

1,95 (JjpaKiina 
>10 

Sejioro HiBeTa 

Coot. 

0,11-0,17 

(|>paKiuin 

>10 

0,74-2,2 
(JjpaKiiHa >10 


hhctbix nopoq qua npoH3BoqcTBa nopT- 
JiaHqqeMeHTa, BKJiioHaa MaccoBbie hojih 
OT qejibHbix okchhob: MgO, K 2 0, Na,0 
h TiO v 06miiM HeaceJiaTejibHbiM cboh- 
CTBOM HBJIHeTCfl nOHH5KCHHOe (<8 %) 
coqepxcaHHe A1 2 0 3 h npeBbimeHHe peKO- 
MeHqyeMoro MaccoBoro BKJiaqa S0 3 (<1 
%). HcKjnoHeniie cocTaBJiaeT cpeqHaa 
npo6a OTBajibHoro qoMeHHoro rnjiaKa 
«ApceJiopMHTTan». Bee injiaKH ochob- 
Hbie no CBoen npHpoqe (M o >l,0). 

Ko3(})(})HqneHT KanecTBa KK uccjie- 
qoBaHHbix nmaKOB npeBbimaeT peKO- 
MeHqyeMbin npeqeji. 3HaneHiw rnqpaB- 
jniHecKoro Moqyjia M cooTBeTCTByioT 
onTHManbHbiM 3a HCKjnoHCHiieM OTBanb- 
Horo qoMCHHoro nuiaKa «ApcejiopMnT- 
Tan». BejniHHHbi Moqyjien rjiiiH03eMH0- 
ro M h CHJiHKaTHoro M c yKJiaqbiBaicrrca 
B IirapOKHH OnTHMajIbHblH HHTepBajI. no 
BCJinnuHaM KH mtokho cqejiaTb peKO- 
MeHqaqiiH qo iicnoJib30BaHHio OTqeJib- 
qwx (JipaKqqq nmaKOB hjih nuiaKa b qe- 
jiom b KanecTBe cwpbeBoro raqqqcToro 
KOMqonenTa npoH3BoqcTBa qeMeqTnoro 
KJinnKepa, jim6o b KanecTBe KOMqonenTa 

mnu,. 

PeKOMenqaqqq qo npaKTHHecKoii 
yTHJiM3aqqq qoMeqqwx nmaKOB b Kane- 
CTBe cbipbeBoro KOMqonenTa qeMeHT- 


HOTO npOH3BOqCTBa OCHOBbIBaiOTCa 
Ha BbICOKHX OnTHMajIbHbIX 3HaneHIMX 

noKa3aTeJien KK, KH no Jln-napKepy 
q KnHqy-,Z],}KaHry n M ( 3 a hckjiio- 
neHneM OTBanbHoro qoMeHnoro nuiaKa 
«ApceJiopMnTTaji»). PeKOMeHqoBaHbi k 
yTHJiH3aqnH b npoH3BoqcTBe nopTJiaHq- 
qeMeHTHoro KJiHHKepa npn 3aMeHe Ha- 
em rjiHHbi 6e3 pacceHBaHiw Ha rpaHyjio- 
MeTpqHecKiie (JjpaKqqq OTBajibHbie qo- 
MeHHbie nuiaKH «3anopo>KCTajib», J],MK, 
«ApceJiopMqTTaji»; OTqeJibHbie (}>paK- 
qqq nmaKOB: 2, 5-5,0 mm MMK, >5,0 mm 
AMK q >10 mm «ApceJiopMqTTaji». B 
KanecTBe rjiHHHTHO->KeJie3HCTOH qo6aB- 
KH MOHCeT HCn0JIb30BaTbCH OTBajIbHblH 
qoMCHHbiq rnjiaK «ApceqopMiiTTaq». 

06o6iqeHne noJiyHeHHbix Kojinne- 
CTBeHHbix KpqTepqeB noKa3biBaeT, hto 
qua 6oJibiniiHCTBa oOcJieqoBaHHbix Me- 
TanjiypriiHecKHX KOM6iiHaTOB bcbmojk- 
Ha yTHJiH3aqqH nuiaKOB hjih OTqeJibHbix 
qx (JipaKqqq b KanecTBe KOMnoHeHTOB 
LUnil,. no KaHecTBeHHOMy OKcnqHOMy 
cocTaBy qoMeqqbie nuiaKH nojmocTbio 
cooTBeTCTByioT cocTaBy nopTJiaHqqe- 
MeHraoro KJiHHKepa. KojiHnecTBeHHO 
6 jih3kh k cpeqHeMy qqa nopTJiaHqqe- 
MeHTOB MaccoBbie BKJiaqw KpeMHe3eMa, 
rjniH03eMa h OKCHqa Mamna. Haiqe Bce- 


ro 3aHHJKeHbi MaccoBbie BKJiaqbi CaO n 
Fe,0 3 h HaoOopoT - 3aBbiineHo coqepxca- 
nue S0 3 . JJqa Bcex nuiaKOB coqepxcaHHe 
SiO, Hime, neM cyMMapHbin MaccoBbiii 
BKJiaq CaO n A1,0 3 , hto xapaKTepHO qqa 
cocTaBa nopTJiaHqqeMeHTa. 

KpHCTannHHecKaa nacTb OTBajibHbix 
qoMCHHbix nuiaKOB coqepjKHT rnqpaBJiq- 
HecKii aKTHBHbie Mimepajibi b MaccoBbix 
qoqax 28,5-42 %, qqa (JjpaKqini rpaHy- 
jinpoBanHoro nuiaKa «ApcejiopMiiTTaji» 
pa36poc 3HaHeHHH 6ojibine - (9,5-43,6 
%). 

ComacHO BCJinniiHe Moqyqa aKTHB- 
hocth M Bee innaKH omocaTca k 3 co- 

a 

pjy nuiaKOB. OnTHManbnwe bcjiuhuhw 
rHqpaBJiiiHecKoro Moqyqa h KH xapaK- 
TepHbi qqa Kaacqoro H3 nuiaKOB hjih qqa 
hx onpeqeJieHHbiii (JjpaKqqq. 

C OOTBeTCTBHe OnTHManbHbiM 3Ha- 
HeHHaM KpHTepneB: M , M n KH ( 3 a 

1 1 a 7 raflp. ' 

HCKjnoHeHHCM nuiaKa /(MK) onpeqeqa- 
eT HanpaBneHHe yTiuiH3aqHH qoMeHHbix 
nuiaKOB KaK KOMnoHeHTOB UinU,. 

PeKOMeHqoBaHbi k yTiuiH3aqHH b 
npoH3BoqcTBe UinU, 6e3 pacceiiBaHiia 
Ha (JipaKqHH OTBanbHbie qoMeHHbie nuia- 
KH /(MK h «ApceJiopMiiTTan», a TaKxce 
OTqeJibHbie rpaHyjioMeTpHHecKiie (jipaK- 
Hhh: >20 mm «3anopo>KCTajib», 2,5- 
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5,0 mm MMK, >5 mm AMK h >10 mm 
«ApcenopMHTTan» (rpaHyjiHpoBaHHwfi 
niJiaK). 

nojiyqeHHbic SKcnepiiMeHTaqbHbie 
qaHHbie Jieraii b ocHOBy nporaBoqcTBa 
paflnaqHOHHO-6e3onacHbix BaacyiqHX 
MaTepqanoB. CnocoS npomBoqcTBa 
paqnamionno-6e3onacnoro 111 nil 
MoaceT HcnoJib30BaTbca Ha qeMeHTHbix 
3aBoqax npq H3roTOBJieHHH npoqyKqHH, 
npeqHa3HaqeHHOH ana coopyaceHim 
3qaHHH coqqajibHoro h aaiqoro Ha3Ha- 
neHiia. CyiqHOCTb cnocoOa [ 6 ] coctoht 
b coBMecTHOM noMOJie nuiaKonopTJiaHq- 
qeMeHTHoro KJiHHKepa h OTBaqbHoro 
qoMeqqoro nuiaKa. nepBOHanaqbHOH 
CTaqqeq aBJiaeTca Bbiqeqemie rpaHy- 
jioMeTpqqecKoii (jjpaKqqq qoMeHHoro 
nuiaKa, oOnaqaioiqeH noHiiaccHHbiMH 
paqqaHHOHHBiMH xapaKTepqcTHKaMH. 
,H,qa 3Toro npoBoqaT pacceB OTBaqbHoro 
qoMcqqoro nuiaKa Ha rpaHyjioMeTpqne- 
CKiie (JipaKqHH q onpeqeqaioT nx paqno- 
aKTHBHbie xapaKTepiicTHKH c noMoiqbio 
raMMa-cneKTpoMeTpqnecKoro MeToqa. 
OnTHMajibHoq cnHTaeTca Ta (JipaKqiM 
nuiaKa, KOTopaa HMeeT hh3khh ypo- 
BeHb aKTHBHOCTH npHpoqHbix paqno- 
HyKJiqqoB q BKJiionaeT rnqpaBqiiHecKH 
aKTHBHbie Miinepajibi, hto onpeqeaa- 
eTca c noMoiqbio peHTreHO(}>a30Boro 
aHanH3a. B qaabHeqineM OToOpaHHbie 
(JipaKqHH HcnoJib3yiOTca bmccto nacTH 
rjniHHCToro KOMnoHeHTa b npoqecce 06 - 
acura cbipbeBoii CMecu qua noayneHna 
iHJiaKonopTJiaHqqeMeHTHoro KJiHHKepa. 
nojiyneHHbiii KqiiHKep nepeMaqbiBaeT- 
ca coBMecTHO c OToOpaHHofi (JipaKqHeH 
nuiaKa. IloqoOHaa coBOKynHOCTb Tex- 
HoaoninecKiix onepaqqq oOecnenHBaeT 
CHiiaccHiie yqeqbHoii paqHoaKTHBHOCTH 
H CnOCoOHOCTH K 3MaHaqiIH H3OT0nOB 
paqom LUIILI,, yMeHbineHHe qo 3 BHern- 
nero raMMa-H3JiyneHna roTOBoro CTpo- 
HTeabHoro Marepqajia h BHyTpeHHero 
oOnyneHiia neqoBeKa b nuiaKonopTqaHq- 
OeTOHHbix 3qaHHax. 

TexHoaoranecKaa cxeMa cnocoOa 
noJiyneHiia paqnaqHOHHO-6e3onacHoro 
LUniJ, npeqcTaBJieHa Ha pnc. 1. OTBaqb- 
Hbiil qoMeHHbiii innaK co CKqaqa nuiaKa 
1 nocTynaeT Ha cma 2, rqe ocyiqecT- 
BnaeTca ot 6 op HaHOonee paqHaqHOH- 
HO-6e3onacHOH (JipaKHHH nuiaKa. Oto- 
6paHHaa (JipaKHHa cyinmca b cyniHJiKe 
3 npH TeMnepaType okoho 600 °C qo 
ocTaTonHoii BJiaaiHOCTH MeHee 1 %. Bw- 
cyineHHbiii MaTepnan noqaeTca b cbi- 
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Phc. 1. TexHonornnecKan cxeMa cnocoSa nojiyneHHH paqiiamioimo- 
6e3onacHoro LLinU, c iicno.ibiOBaimeM OTBaqbHoro qoMeHHOro in.iaKa: 1 
- CKJiaq nuiaKa; 2 - cirra; 3, 4 - cyumqKa; 5 - cbipbeBon qex; 6 - mapoEaii 
MejibHHija; 7 - CMecHTejibHbie ciijiocm; 8 - nenb oGamra; 9 - KJiiiuKepubii! 
CKJiaq; 10 - qpoGmiKa, 11 - qex noMOJia kiii iihtpa 


pbeBoii qex 5, rqe nuiaK ncnoqb3yeTca 
KaK raiiHiicTbiii KOMnoHeHT cwpbeBOH 
CMecH. Tyqa ace noqaeTca BbicyineH- 
Hbiii b cyniHaKe 4 H3BecTHaK. Flocqe 
qo3HpoBaHiia cyxoii nuiaK h H3BecTHaK 
noqBepraioTca coBMecTHOMy noMoqy b 
cbipbeByio MyKy b inapoBOH MeqbHiiqe 
6 . TiqaTeqbHO nepeMeinaHHaa h OTKop- 
peKTHpoBaHHaa b CMecHTeqbHbix ciuio- 
cax 7 cbipbeBaa MyKa nocTynaeT bo Bpa- 
iqaioiHyio nenb 8 , rqe ocyiqecTBJiaeTca 
oGarnr cbipbeBOH CMecH c noqyneHHeM 
nopTqaHqqeMeHTHoro KqHHKepa. Kjihh- 
Kep BpeMeHHO cicqaqHpyeTca Ha cicqaqe 
9. .ZJaqee KqHHKep c nincoM h BbicyineH- 
hbim ii H3MeqbneHHbiM b qpoGHiiKe 10 
OTBaabHbiM nuiaKOM nocTynaioT b qex 
noMoaa KqHHKepa 11 qqa npHroTOBqe- 
HHa HI nil,. IlocqeqHHH H3MeqbnaeTca 
qo ocTaTKa MeHee 15 % Ha cme Ns 008, 
hto oTBenaeT yqeqbHoii noBepxHocTH 
3000 CM 2 /r. 

IlpeqqoaceHHbiH cnoco6 oGecne- 
niiBaeT CHiiaceHHe yqeqbHoii paqnoaK- 
TIIBHOCTH II CnOCoOHOCTH K 3MaHaHHH 
H30TonoB paqoHa HI 11 11,, yMeHbineHHe 
qo3 raMMa-H3qyneHiia roTOBoro CTpo- 
HTeabHoro MaTepnaqa h BHyTpeHHero 
oOqyneHHa neqoBeKa, pa3peinaeT sko- 
qornnecKne npoOneMbi npH btophhhom 
Hcnoqb30BaHiiii OTBaqbHbix nuiaKOB, 
HanpaBneH Ha coKpaiqeHiie tohiihbho- 
SHepreranecKiix 3aTpaT h noBbiineHHe 
3(J)(J)eKTHBHOCTH npoH3BoqcTBa HHH1,. 

BbiBoqbi 

• FIoKa3aHa qeqecoo6pa3HOCTb 
oOocHOBaHiia HanpaBqeHiia npaKTiine- 
ckoh yTiuiH3aHHii qoMeHHbix inqaKOB 
b npoH3BoqcTBe BaacyiqHX BeiqecTB no 
KoqimecTBeHHbiM KpHTepnaM: b Kane- 


CTBe cbipbeBoro KOMnoHeHTa qeMeHT- 
Horo npoH3BoqcTBa - no onTHManbHbiM 
3HaneHHaM KK, KH no JlH-IlapKepy 
ii KHHqy-^acaHry h M ; b KanecTBe 
KOMnoHeHTOB UiniJ, - no onTHManbHbiM 
3HaneHiiaM KH, M , M . 

rHflp. a 

• PeKOMeHqoBaHbi k yraqH3aqHH b 
KanecTBe CbipbeBoro KOMnoHeHTa BMe- 
cto raiiHbi b npoH3BoqcTBe nopTqaHqqe- 
MeHTHoro KqHHKepa 6e3 paccciiBaHiia Ha 
rpaHyqoMeTpHnecKHe (JipaKHiin OTBaqb- 
Hbie qoMeHHbie nuiaKii «3anopoaccTaqb», 
^l,MK, «ApceqopMiiTTaq», a Taicace rpa- 
HyqoMeTpmecKHe (jjpaKHiiii inqaKOB: 
2, 5-5,0 mm MMK, >5,0 mm AMK h >10 
mm «ApceqopMiiTTaq». noKa3aHO, hto 
OTBaqbHbiil qoMeHHbiil nuiaK «Apceqop- 
Mnrraq» MoaceT ncnoqb30BaTbca b Kane- 
CTBe raiiHHTHO-aceqe3HCTOH qo6aBKH. 

• OOocHOBaHa yraqH3aHHa KaK KOM- 
noHeHTa llinil OTBaqbHbix qoMeHHbix 
inqaKOB ^l,MK h «ApceqopMiiTTaq» 
6e3 pacceiiBaHiia Ha (jipaKHHH, a TaKace 
rpaHyqoMeTpHnecKiix (JipaKHHH: >20 mm 
«3anopoaccTaqb», 2, 5-5,0 mm MMK, >5 
mm AMK ii >10 mm «ApceqopMiiTTaq» 
(rpaHyqHpoBaHHbiH inqaK). 

• 3KcnepiiMeHTaqbHO qoKa3aHa 
npHHaqqeacHOCTb qoMeHHbix inqaKOB k 
I Kqaccy paquaniioHHOH onacHOCTH, hto 
no3BoqaeT yTiiqii3HpoBaTb hx b CTpon- 
TeqbCTBe 6e3 orpaHimeHiia. 

• Pa3pa6oTaH cnoco6 npoH3BoqcTBa 
paqnaHHOHHO-6e3onacHoro inqaKonopT- 
qaHqqeMeHTa. 
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XHMHUECKHE nPOIJECCEI 
0EPA30BAHELH AEHOrEHHOH HEcpTH 

CHMOHflH r.C., KaHfl. XHM. HayK, flOqeHT 
EpeBaHCKHH rocyqapcTBeHHbifi yHHBepcnTeT, 

EpeBaH, ApMeHiM 

B CTaTbe ()6cy>K/ia[OTCfi MHoroHHCJieHHbie TeoperanecKHe n 3 kc- 
nepjiMeHTanbHbie pa6oTbi, b tom HHCJie iiocjic.tiiox jieT, pa-ijrn'iiiF.ix 
aBTopoB, Kacaiomnccx Teopnn a6noreHHoro oopaaoiiaima Heijmi h 
ra3a. I IpHRC.aenbi ypaiiiicmiM xiiMHHecKnx pcaKEEEiEi KaacaoS E Hiioicaia 
aoEBEi eiiiion) o6pa30Banna EE0‘(|n H. IloKa3aHO, hto iic(}>ti, o6pa3yeTca b 
iie/[pax 3eMan 113 inyOEi r 1 fi f,i x MaHTHHHbix (jwiOHaOB n aBnaeTca B03- 
ooiioB-iaevTiRM pecypcoM. 

KjiiOHeBbie cjioea: HeijiTb, reHe3HC eic(|>tee. aSnoreHHaa eic(})ii j , 
XHMHHecKHe iipoiieccia Heij)Teo6pa30BaHHa. 

y aacTHHK Koii(|EcpaiiniiEi. HannOHajibHoro nepBeHCTBa no HaynHOn aiiaaEn iekcx 
OTK pbrroro E-jipoiicEECKO-A'inarcKoi o nepBeHCTBa no EEay'inoa aHajiHTHKe 


fcroslSSl http ://dx.doi .org/ 10.18007/ gisap :pmc ,v0i7 . 1 1 82 


H eijiTb npeqcTaBJiaeT co6oil cMecb 
HH3KO- H BbICOKOMOJieKyjiapHbIX 
coeanHeHnn, OTHOcaiqnxca k pa3ann- 
hmm roMoaornneciaiM paaaM. Hibkomo- 
aeicyaapHbie coeanHemia npeacTaBaaioT 
co6on, b ochobhom, napacfiHHOBbie, Ha- 
(J)TeHO-napa(})HHOBbie n apoMaTnnecKne 
yraeBoaopoabi. BbicoKOMoaeKyaapHaa 
HaCTb HefjjTH COCTOHT H3 BblCOKOMOJieKy- 
aapHbix napacJniHOBbix yraeBoaopoaoB, 
MOHO- H KOHtteHCHpOBaHHbIX Ha(J)TeHO- 
napa<J)HHOBbix, moho- h OmiMK.aHMecKnx 
apoMaTmecKiix yraeBoaopoaoB paaa 
6eH3oaa n Ha(J>TannHa, CMoa n acijiaab- 
TeHOB. TaKMM 06pa30M, HecflTb - 3TO 
cacoKHaa MHoroKOMnoHeHTHaa CMecb, 
KOTOpaa B 33BHCHMOCTH OT BHCmHHX 
ycaoBiin npoaBaaeT CBOHCTBa Moae- 
KyaapHoro pacTBopa nan ancnepcHon 
cncTeMbi.B cocTaBe HetjjTH o6HapyxceHO 
CBbime 1000 HHaiiBHayaabHbix oprami- 
necKHX BentecTB, coaepacaiqiix: yrae- 
poa, Boaopoa, Kncaopoa, a30T, cepy n 
6oaee 60 saeMeHTOB. 

B HacToautee BpeMa cymecTByioT 
MHoroancaennwe Teopnn o nponcxoac- 
aeHHH ne(J)TH, OaHaKO OCHOBHbIMH H3 

hhx aBaaioTca - opraHiinecKoro (6no- 
reHHoro) [1] n HeopraHiinecKoro (a6no- 
reHHoro) nponcxoacaefflia [2], 

Ctopohhhkh 6noreHHon rnnoTe3bi 
CHHTaiOT, HTO HCTOHHHKaMH npOHCXTOK- 
aeHna He(J)Tn 6wan ocTaTKH pacTeHnil 
n acuBOTHbix, CKonimmiixca b TeneHne 
MHornx MnaanoHOB aeT Ha aHe Boao- 
eMOB b npomawe reoaornaeciaie sno- 
xn[l], Mw npnaepacuBaeMca aOnoreH- 
hoh Teopnn o6pa30BaHna HacJiTnaoB 
ray6nnHbiMH MaHTHHHbiMH (})aioHaaMH. 
B pa6oTe [3]HaMH noapoOHO aHaan3H- 
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poBaHa HecocToaTeabHOCTb 6noreHHon 
Teopnn o6pa30BaHna HecfiTH. U,eabio 
aaHHon paOoTbi aBaaeTca oOcyacaeHne 
XHMHnecKne npoqeccbi npn o6pa30Ba- 
hhh aOnoreHHon HetJiTH. 

BnepBbie Teopna aOnoreHHoro 
nponcxoacaeHna HecfiTH npeaaoaceHa b 
1805 roay HeMeqKHM ecTecTBoncnw- 
TaTeaeM AaeKcaHapoM ryMOoabaoM. 
Oh BbicKa3aa npeanonoacemie, hto 
H eijjTb o6pa3yeTca Ha 6oabimix ray6n- 
Hax b MarMaTHHecKnx nopoaax. TyM- 
6oaba HaOaioaaa, KaK HecJiTb coanaacb 
H3 T3KHX nopoa b lOacHoii AMepuKe, 
BeHecysae. 

B 1866 roay 4>paHHy3CKnn xhmhk 
MapceaeH EepTao BbicKa3aa npeanoao- 
aceHne, hto He(}>Tb o6pa30Baaacb b ne- 
apax 3eMan H3 MiraepaabHbix BeiqecTB. 
Elocae aoarnx noncKOB EepTao yaaaocb 
CHHTe3npoBaTb aqeTHaeH H3 yraepoaa n 
Boaopoaa b vcaoBnax BbicoKon TeMne- 
paTypw BoabTOBon ayrn. 

2C + H,— > C 2 H 2 

Oh oOHapyacna, hto ra3 aqeTnaeH 
(HeHacbiHteHHbin yraeBoaopoa- C,H 2 ) 
npn hh3khx TeMnepaTypax MoxceT nepe- 
xoanTb b Taaceawe yraeBoaopoabi. B 
noaTBepacaeHne CBoen Teopnn oh npo- 
Bea HecKoabKO 3KcnepnMeHTOB, ncKyc- 
CTBeHHO CHHTe3npoBaB yraeBoaopoabi 
H3 HeopraHHHecKnx BentecTB. CnHTe3 
aqeTnaeHa n noayHeHne npn ero mipo- 
an3e 6eH3oaa . a TaK»ce anvnix apoMaTH- 
hcckhx yraeBoaopoaoB (HanpuMep, cth- 
poaa, HaijjTaaHHa) CTaan aKcnepiiMCH- 
TaabHbiM oOocHOBaHneM aucTnacHOBOH 
Teopnn EepTao. 


3C 2 II 2 - C ( ll 6 

Ha 3tom ocHOBaHiin oh caeaaa Bbi- 
Boa o tom, hto TaK o6pa30Baancb yrae- 
BoaopoaHbie coeanHeHna MeTeopnTOB 
n hto, no-BnanMOMy, noao6Hoe npo- 
HcxoacaeHne HMeioT yraeBoaopoabi Ha 
apyrnx naaHeTax. 

A (J)paHHy3CKHH xhmhk E EnaccoH 
b 1871 roay BbicKa3aa naeio o nponc- 
xoacaeHiiii HefjiTH nyTeM B3anMoaen- 
ctbiw Boaw, CO, n H,S c pacKaaeHHbiM 
xceae30M. OKcnepnMeHTbi no HeopraHH- 
necKOMy cnHTe3y yraeBoaopoaoB, npo- 
BeaeHHbie sthmh nccaeaoBaTeaaMH, b 
3HaHHTeabHoii CTeneHH cnoco6cTBOBa- 
an pa3BHTHio rnnoTe3bi MHHepaabHoro 
nponcxTOKaeHna HefjiTH. 

CO. + H.S -> CS. + H.O 
3Fe +4H~0— >Fe 3 0 4 + 411, 

CS2 + H2— > H2S + CH4 
C° 2 + 4H,— > ch 4 + 2H,° 
nCO, +(2n + 0.5m H,— » C H + 2nH,0 

2 v 2 n m 2 

B 1877 r. Ha 3aceaaHnn PyccKoro 
xnMHHecKoro o6iqecTBa c H3ao>KeHHeM 
«MHHepaabHon» (Kap6naHon) mnoTe3bi 
nponcxTOKaeHna HetjiTH BbicTynna 71,mh- 
Tpnn IlBaHOBHH MeHaeaeeB. Onnpaacb 
Ha KOHKpeTHbie reoaornnecKne n xhmh- 
Heciaie (JiaKTbi, MeHaeaeeB nncaa: «... 
06pa30BaHiie Hec})TH... 6oaee BepoaTHO 
npnnncaTb aencTBHio Boaw, npoHHKa- 
toiHen npe3 TpeiqnHbi, o6pa30BaBmne- 
ca npn noaT>eMe rop, b ray6b 3eMan, ao 
Toro MeTaaaocoaepacaiqero HaKaaeH- 
Horo aapa 3eMan, KOTopoe Heo6xoanMO 
npH3HaTb BO BHyTpeHHOCTH 3eMHOH...» 
[4], no ero MHeHHio, Boaa npoHHKaaa 


Brny6b 3eMJin no TpeiqiiHaM b ocaqoa- 
hbix n KpncTanjinnecKHX nopoqax qo 
MarMbi, rqe pearnpoBaaa c KapOnqaMH 
Taaceawx MeTanaoB, o6pa3ya yraeBoqo- 
poqw: 

CaC 2 + 211,0 — Ca(OH) 2 + C,H 2 , 

A1 4 C 3 + 12H,0 -» 4Al(OH) 3 + 3CII ,. 
2LaC 2 + 6H 2 6 — 2La(OH) 3 + 2C 2 H 2 + H,, 
2Mg 2 C 3 + 8H 2 0 ->■ 4Mg(OH) 2 + 

(11,0 Cl I + CH =C=CH,, 

Be 2 C+ 4H,0 2Be(OH) 2 + 3CH 4 . 

FeC + 3H,0— » Fe 2 0 3 + C 2 H 6 

B 1892 r. pyccKHH yaeHwil Coko- 
jiob B.,H,. npeqaoacua Tax Ha3biBaeMyio, 
«KOCMnnecKyio» rnnoTesy [5], coraacHO 
KOTopon yraeBoqopoqw HecJiTH o6pa30- 
BaHbi H3 yraepoqa h Boqopoqa b snoxy 
(J)opMnpoBaHna 3eMJin n qpyrnx nnaHeT. 
Ilo Mepe oxaaacqeHiia 3eMJin yraeBoqo- 
poqw noraomanncb eio h KOHqeHcnpo- 
BajIHCb B 3eMH0H KOpe. BnOCaeqCTBHH, 
Korqa o6pa30Baaacb 3eMHaa Kopa, H3 
MarMbi BbiqeaaaHCb yraeBoqopoqw, 
KOTopwe no TpemnHaM b 3eMHon Kope 
noflHHMajincb b BepxHne aacTH, cryiqa- 
jincb n TaM o6pa30Bajin CKonneHiia. B 
AOKa3aTejibCTBO CBoeii Teopnn Cokojiob 
npiiBoqHa (JiaKTW oOHapyaceHiia yraeBO- 
qopoqoB b MeTeopiiTax 

B Harne BpeMa BbmBHHyT qeawil paq 
qpyrnx rnnoTe3 o HeopraHiiaecKOM npo- 
HcxoacqemiH HecJiTH n ra3a b Heqpax 3eM- 
im b pe3ynbTaTe xiimhhcckhx peaKiinii He- 
nocpeqcTBeHHO H3 yraepoqa n Boqopoqa 
b ycJioBnax bwcokhx TeMnepaTyp, qaBae- 
hhh n KarajiHTnnecKoro qencTBna okch- 
qoB MeTairaoB (Fe, Ni n qp.). B ochobhom 
B ee mnoTe3bi neopraHiiaecKoro nponc- 
xoacqeHHa HecJiTH n ra3a 6a3npyioTca Ha 
caeqyroiqux ochobhbix noaoaceHHax: chh- 
Te3 yraeBoqopoqoB B03MoaceH Ha ocHOBe 
OKcnqoB yraepoqa n Boqopoqa, Koropwe b 
T ex hjih nnbix KoanaecTBax npncyTCTBy- 
iot bo (JiaioHqax, nocTynaiomux H3 Heap 
3eMJin: 

nCO + (2n+l)H, -► C H 2n+2 + nH 2 0 

b npoqecce cDninepa-Tponma cpeqn 
noOoaHwx qpoqyKTOB o6pa3yeTca CO,. 
CTeqeHb qpoTeKaHiia noOoaHwx peax- 
qnn cyiqecTBeHHO 3aBHCHT ot npHpoqw 
KaTaaH3aTopa q TeMnepaTypw qpoqecca. 

B cepeqHHe XX Beica B03poacqaioT- 
ca pa3aHHHbie riinoTe3w a6qoreHHoro 
(KOCMnnecKoro, ByaKaHiiaecKoro n Mar- 


MaToreHHoro) nponcxoacqeHHa HecJiTH. 

HqKOJiaq AaeKcaHqpoBiia KyqpaB- 
qeB BbiqBHHya MarMamaecKyio runo- 
Te3y o6pa30BaHHa HecJiTH [1], B MaHTiin 
3eMJiq - b ycaoBiiax oaeHb bbicokoh 
TeMqepaTypw yraepoq n Boqopoq o6pa- 
3yiOT yraeBoqopoqHbie paqHKaaw - CH , 
CH, h CH,. no Mepe noHHaceHiia TeMne- 
paTypw b BepxHnx caoax sth paqiiKaaw 
coeqHHaioTca qpyr c qpyroM n c Boqo- 
poqoM. 

2CH, — > C 2 H 2 , 

2CH 2 , — » C 2 H 4 , 

2CH 3 , — > C,H 6 , 

Ho KyqpaBqeB oOxoqHT CTopoHoq 
Boqpoc, OTKyqa, co6cTBeHHO, 6epeTca 
b 3thx paqHKaaax Boqopoq. A.A. Bo- 
po6beB BbiqBHHya npeqnoaoaceHHe, hto 
b pa3BHTiiii Hameii qnaHeTbi HeMaayio 
poab nrpann hmchho saeKTpHaecKHe 
qpoqeccw[6]. B pe3yjibraTe cuabHwx 
aaeKTpqnecKHX pa3paqoB B03HHKaioT 
aacTiiqw qjia3Mbi, KOTopwe oOaaqaioT 
BBICOKOH XHMHHeCKOH aKTHBHOCTBIO. 
3 to o6cToaTeabCTBO, b cboio oaepeqb, 
C03qaeT npeqnocwaKH qaa qpoTeKaHiia 
TaKiix peaKqufi, KOTopwe HeB03MoacHW 
qpn oObihhwx ycaoBiiax. no MHemno 
Bopo6beBa, MeTaH qpn B03qeHCTBiin 
qoq3eMHoro saeKTpuaecKoro pa3paqa 
MoaceT qoqBepmyTbca nacTqqHOMy qe- 
rqqpqpoBaHHio, o6pa3yiOTca CBo6oqHbie 
yraeBoqopoqHbie paqHKanw - CH, CH, h 

ch 3 . 

AaeKcaHqp AaeKcaHqpoBqq Ma- 
paKymeB qoKa3aa, hto 3aaeacq coaefi n 
HecJiTH b ocaqoaHbix qenpeccHax nac- 
chbhwx KOHTHHeHTaabHwx OKpanH no- 
poacqaioTca ray6iiHHbiMH MarMaTiiae- 
ckhmh oaaraMH Ha iqeaoaHoii CTaqun hx 
pa3BHTHa[7].. 

NaAlSi,0 6 +Na,Si0 3 +C0 2 +2HC1+4H,) 
= NaAlSi 3 O g + 2NaCl + CH 4 + 3H 2 0." 

noKa3aHO, hto Fe 2 Si0 4 noqBepraeTca 
(JiaioHqHOH cyab(})ypH3aqHH c reHepaqu- 
eii cyabcJiHqHbix pacnaaBOB. BoBaeae- 
HHe b 3tot npoqecc OKCHqoB yraepoqa 
(CO,, CO) nopoacqaeT yraeBoqopoqw: 

7Fe,Si0 4 +28H,S+4C0=14FeS 2 +7Si0 2 

+22H,0+C 2 H 6 . 

noqo6HWMH npoqeccaMH onpeqe- 
aaeTca Ha6aioqaeMaa npocTpaHCTBeH- 
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Haa CBa3b yraeBoqopoqoB h cyabcJiHq- 
hwx pyq. Hmh BHOCHTca cyiqecTBeHHbifi 
BKaaq b yraeBoqopoqHyio cneqHaaH3a- 
quio qenpeccqoHHbix CTpyieryp cpeqHH- 
HO-OKeaHHaecKiix xpe6T0B [8], 

B pa6oTax [9,10] noKa3aHO, hto b 
M aHTHHHbix ycaoBiiax H3 FeO (biocth- 
Ta), CaC0 3 (KanbqHTa) h Boqa, Hapaqy 
c yraepoqoM o6HapyaaiBaioTca Taxace 
yraeBoqopoqw, no peaKqun: 

nCaC0 3 +(9n+3)Fe0+(2n+l)H,0 = 
nCa(OH) 2 +(3n+l )Fe 3 0 4 +C H 2i+2 +C. 

/(MHTpHH HnKOaaCBHH TuMocJieeB 
npeqnoaaraeT, hto b HiiacHen MaHTim 
ot Tenaa aqpa 3eMan, b pe3yabTaTe pac- 
naqa KapOHqoB, HHTpuqoB, raqpHqoB h 
OKCHqoB o6pa3yioTca ra30o6pa3Hbie co- 
eqHHemia NO, N,0, N,0 4 , N,0 5 , HCN, 
0 3 , N,H 4 ,C 2 H„ C 2 H 4 , HN 3 . n P H noqHa- 

THH 3THX ra30o6pa3HbIX COeqHHeHHH, 
qaBaeHiie b hhx CHHacaeTca, ra3w pac- 
mnpaioTca, H3-3a 3Toro oxaaacqaioTca, 
h b ycaoBiiax acTeHoccJiepbi no TepMO- 
qiiHaMnaecKHM xapaKTepHCTHKaM sae- 
MeHTW 3thx ra30B HaHOoaee CTaOHabHbi 
b BHqe coeqHHeHHH c OoabinuM Moae- 
KyaapnwM BecoM, KOTopwe noayaHan 
Ha3BaHIie HHTpOHecjlTb. B M3HTHH TaK- 
ace CHHTe3HpyioTca MeTaaaoopraHiiae- 
CKHe coeqHHeHiia, opraHocnaoKcaHW, 
KapOoHiiaw, KOTopwe pacTBopaioTca b 
HHTpOHecJlTH. B HHTpOHecJlTH npHCyT- 
CTByioT nenpeqeabHbie yraeBoqopoqw, 
nepeKHCH, aMHHW, rnqpa3HH, 030H h 
HHTponapacjiHHbi (HHTpoMeTaH, reKca- 
HHTpOSTaH h T.q.), HHTpoapoMaTnaecKHe 
coeqHHeHiia (TpHHHTpoToayoa, reKca- 
HHTpo6eH30a H T.q), HHTpoaMHHW (reK- 
coreH- C.HNO,, OKToreii-C.I I.N OJ, 

3 6 o o 4 a o o'' 

KapOoHiiaw Fe(CO) 5 , Ni(CO) 4 , MeTaaao- 
opraHiiaecKHe coeqHHeHHa, KpeMHeop- 
raHiiaecKHe coeqHHeHiia (opraHocnaoK- 
caHw), cepa, S0 3 . 

npn noqHaTHH HHTpoHecjiTH qo 
rayOnn MeHee 10 km, HHTpoHecjiTb pa3- 
aaraeTca c o6pa30BaHiieM HecJiTH, Boqw, 
N„ CO, pyqHwx o6pa30BaHnii, runcoB 
h H3BecTHaKOB. B cayaae H36wTKa bo- 
qopoqa b cocTaBe HHTpoHecjiTH nponc- 
xoqHT o6pa30BaHiie npHpoqHoro ra3a. 
npn H36bITKe Klicaopoqa HHTpOHecjlTb 
pa3aaraeTca 6e3 o6pa30BaHiia yraeBoqo- 
poqoB[ll], 

Muxana A6paMOBiia Jlypbe h <5e- 
qop KapaoBiia IHMiiqT yTBepacqaioT, hto 
cepa npiiHHMaeT yaacTHe b o6pa30Ba- 
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huh He(|>TH y»ce Ha HaHajibHbix CTaqHax 
He<})TereHe3a, cornacyeTca c qaHHbiMH 
o ee HajiHHim b niy6HHHbix i|)jiK)H,ia b 
BH qe H,S h S [12]. IloKa3aHO, hto B3a- 
HMOfleilcTBHe CH 4 c S npn MaHTHHHbix 
yCJIOBHRX npHBO^HT K o6pa30BaHHKJ 
pa3JiHHHbix S-coflepacamHX coeqiiHCHHH 
h 6onee BbicoKOMOJieKyrapHbix ymeBO- 
flOpOflOB. 

CH 4 + 4S — > 4H,S + CS 2 
CH 4 + 2S— > 2H 2 + CS 2 
nCS 2 +(2n + 0.5m)H 2 -> 2nFL,S+ C n H m 
2C H, + H,S— > (C H, ),S 

n 2n 2 v n 2n y 2 

HaMH npuHHMaeTca, hto a30T, abjm- 
acb OflHHM H3 OCHOBHbIX KOMnOHeHTOB 
HeijjTH, npiiHHMaeT ynacrae b o6pa- 
30BaHHII He(])TH bo Bcex CTaqHax He- 
(])TereHe3a [l,13,14].TaK, no pacneTaM 
CopOXTHHa [15] B M3HTHH KOJIHHeCTBO 
a30Ta npH6jffl3HTeabHO 4,07T0 2l r. B 
MaHTHHHbix ycaoBnax bo3mtokhbi cyiqe- 
CTBOBaHHa HeKOTOpbIX HHTpHflOB. Boqa, 
npoHHKaa b ray6b 3eMJiH no TpemimaM 
B OCaqOHHblX H KpHCTajHIHHeCKHX nopo- 
qax qo MarMbi, pearapyeT c HHTppiqaMH 
Taaceawx MeTanaoB, o6pa3yeT aMMiiax: 

Ca,N 2 + 6H,0 — 3Ca(OH) 2 + 2NH 3 , 

TiN + 3H 2 0 — Ti (OH), + NH,. 

npn 1000 °C aMMiiaK pearapyeT c 
ymeM, o6pa3ya CHHiuibHyio KHCJiOTy 
HCN h nacTHHHO pa3aaraacb Ha a30T h 
B oqopoq: 

C + NH, -> HCN + H, 

HenocpeflCTBeHHoe o6pa30BaHiie 
quaHHCToro Boqopoqa H3 MeTaHa h aM- 
MHaxa ocHOBaHO Ha 3HqoTepMHHecKofi 
peaKHMM: 

CH 4 + NH 3 ^ HCN + 3H, 

YB MoryT CHHTe3HpoBaTbea h npa- 
mbim B3aHMoqeHCTBHeM ymepoqa c bo- 
qopoqoM no peaKquq: 

nC + 0.5mH — > C H 

2 n m 

C+2H, -»CH 4 

16CH 4 +11C-C 2 H 6 +C,H 8 +C 4 H + 

+ c 5 h 12 +ch I4 +c 7 h, 6 

Kax yace noKa3aHO, b MaHTHHHbix 
ycaoBnax bo3mo>kho o6pa30BaHiie paqq- 
KaaoB h dHpaqiiKajioB (CH,, NH,, CH„ 

12 — - 


NH). B3aHMoqeHCTBna o6pa3yK>mnxca 
paqHKanoB c MeTaHOM h aMMHaKOM npn- 
BoqaT k noayneHHio ajiKHJiaMHHOB, ko- 
Topwe B3aHMoqeHCTByioT c 0Jie<]>HHaMH. 

CH =CHX +(C H ) NH ->■ 

2 v n m / 2 

(C H ) N- CII -CII .X. 

v n m / 2 2 2 

3toh peaKHneii oOtacHaeTca OTcyT- 
CTBiie 0Jie<])HH0B b nonaBJiaiomeM 6ojib- 
miiHCTBe HeijjTH. 

CjieqyeT otmcthtb, hto b npucyT- 
CTBHH ajiKHJiaMHHOB c nepoxcHqaMH 
npoHcxoqHT nojiHMepH3aHHa amceHOB, 
c o6pa30BaHiieM BbicoKOMoaeKyaapHbix 
BemecTB. 

n(CH=CHX) ^-( CII=CIIX)- ii 

H 3 ra30o6pa3Hbix MaHTHHHbix (jmio- 
hhob noJiynaioTca noHTH Bee a30THCTbie 
coeqHHeHHa, BxoqjqqHe b cocTaB Hec[>TH[ 
16]: 

NH, — > HH(])eHimaMHH — » Kap6a30Ji, 

NH,— >aHHJIHH — >HHqoji, 

NH,— * niipiiqiiH h T.q, 

NH,— > niippoa — » nop<}>HH — >VO- h 
Ni- nopijmpHHbi. 

nopcJmpuHOBbie KOMnaeKcw HecjiTH 
odnaqaioT KaTamiTHHecKOH aKTHBHO- 
CTbio. Ohh nrpaioT onpeqeJieHHyio poab 
b npoqecce reHe3Hca HecjiTH. BaHaqiui- 
nopcJmpiiHOBbie KOMnneKcw CTHMyjiH- 
pyiOT anoKCHqHpoBaqne b npoqecce 
OKcnreHiipoBaHiia ojiecjiHHOB. Hhkcho- 
nopcJmpiiHbi ynacTByioT b o6pa30BaHHH 
MeTaHa h qpyrax yrjieBoqopoqoB, a Tax- 
ace ohh HrpaioT onpeqeaeHHyio poab b 
peaxquax qHcnponopquoHHpoBaHHa 
Boqopoqa b npoqecce reHe3Hca HecjiTH. 

TaxiiM o6pa30M, noKa3aHO, hto 
HecjiTb o6pa3yeTca b Heqpax 3eMJiH H3 
EIiy6HHHbIX MaHTHHHbix (jlJIIOHqOB H 
HBnaeTca B03o6HOBJweMbiM pecypcoM. 
MbI, CTOpOHHHKH aOHOTCHHOH TeOpHH 
o6pa30BaHiw HecjiTH, cmotphm b 6yqy- 
iqee c onTHMH3MOM. Mw nojiaraeM, hto 
3anacoB HecjiTH h ra3a HaM xbhtht eiqe 
Ha qonrae CTOJieTHa. 
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AMINES REACTIVITY CRITERIA 


G. Simonian, Candidate of Chemistry, Associate Professor 
Yerevan State University, Armenia 

The parameters characterizing the reactivity of amines in 
non-radical and radical reactions which are often used in the correlation 
analysis are discussed. It is shown that the ionization potential of 
amine I correlates with the basicity of pKB, with affinity of the 
amine to the proton in the gas phase (PA)g, with anodic oxidation 
potential of amine relative to a saturated calomel electrode EP, with 
Svein- Scott nucleophilicity parameter n, with dipole moment p, with 
Taft’s substituent constant o and with nitrogen charge in the molecule 
of amine qN. In order to express the activity of the secondary amine 
in the reactions with the unsaturated compounds for the first time the 
multi-parameter empirical correlation equation, including ionization 
potential of amine, its basicity, steric factor of deputy and the dipole 
moment, is offered 

Keywords: parameters of amines, amines, ionization potential, 
basicity, correlation, the Michael’s reaction, multi-parameter equation. 

Conference participant, National championship in scientific analytics, Open 
European and Asian research analytics championship 


KPHTEPHH PEAKLtMOHHOH 
CnOCOEHOCTH AMHHOB 

Chmohuh r.C., Kaim. xhm. HayK, ^oiieHT 
EpeBaHCKHH rocyziapcTBeHHBiH yHHBepcHTeT, ApMeHHn 

Oficy^cflaioTCH napaMeTpbi, KOTopbie xapaicrepn3yK)T peaiojHOH- 
Hyio cnocofiHOCTt aMHHOB b HepaaHKajibHbix h paaHKajibHbix peaKun- 
ax h nacTO npHMeHjnoTca b KoppeaauHOHHOM aHajiH3e. IIoKa3aHO, hto 
noTeHunaji HOHH3aunn aMHHa I KoppeanpyeTca c ocHOBHOCTbio pKB, 
c cpoacTBOM aMHHa k npoTOHy b ra30B0H (J)a3e (PA)g, c noTeHunaaoM 
aHOflHoro OKHCJieHHa aMHHa no othohichhio k HacbimeHHOMy xajio- 
MejibHOMy 3JieKTpo/ty EP, c napaMeTpoM HyKJieo(J)HJibHOCTH CBeHHa- 
CicoTTa n, /tnnojibHbiM momchtom //, kohct3htoh 3aMecTHTejia Ta(J)Ta o 
h 3apa^OM a30Ta b MOJieicyjie aMHHa qN. /fna BbipaaceHHa aKTHBHOCTH 
BTopHHHoro aMHHa b peaiomax c HeHacbimeHHbiMH coe^HHeHHaMH 
BnepBbie npe^JioaceHO MHoronapaMeTpoBoe 3MnnpHHecKoe Koppena- 
BHOHHoe ypaBHeHHe, BKJiioHaiomee noTeHUHaji HOHH3au;HH aMHHa, 
ero ochobhoctb, CTepHuecKHH (jmicrop 3aMecTHTeaa h jjHnojibHbiH 
MOMeHT. 

KjnoneBbie c.i ob a: napaMeTpbi 3 mhhob, aMHHbi, noTemuian ho- 
HH3auHH, ochobhoctb, Koppejummi, peaKuna Mnxa3Jia. MHoronapaMe- 
TpoBoe ypaBHeHHe. 

Y nacTHHK KOH(J)epeHij;HH, HauHOHajibHoro nepBeHCTBa no HaynHon aHajiHTHKe, 
OTKpbiToro EBponencKO-A3HaTCKoro nepBeHCTBa no HayHHOH aHajiHTHKe 
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A mhhbi — opraHHHecKHe coe^HHe- 
HHa, aBJiaiomneca npoH3BO^HbiMH 
aMMHaKa, b MOJieKyne KOToporo o/ihh, 
RBa hjih TpH aTOMa Bo^opo^a 3aMemeHBi 
Ha yrneBo^opo^Hbie pa^HicajiBi. 

L(ejiBK) ztaHHOH padoTBi aBJiaeTca 
npe^CTaBHTB h odcyzjHTB Te napaMeTpbi 
aMHHOB, KOTOpbie nacTO npHMeHaioTca 
b KoppenaifHOHHOM aHanH3e h xapaKTe- 
pH3yioT hx peaKHHOHHyio cnocodHocTb 
b Hepa^HKajibHbix h pa^HicajiBHbix peax- 
onax. 

Ba>KHbiM CTpyKTypHBiM napaMeTpoM 
aMHHOB aBJiaeTca noTeHijHaji HOHH3a- 
HHH (I), KOTOpblH CBa3aH C peaKIfHOH- 
HBIM IfeHTpOM aMHHa C aTOMOM a30Ta. 
B padoTax [1-3] ycTaHOBJieHa xoppe- 
JHHJHJI MQyKJiy nOTeHHHaJIOM HOHH3a- 
HHH aMHHOB H JIOTapH(j)MOM KOHCTaHT 
CKopocTH nepBHHHoro aicra hx OKHCJie- 
hh a nepcyjib(f)aTOM Kanna, nepoKCH^OM 
6eH30HJia h THxiponepoKCH^oM KyMOJia 
b bo^hbix h hcbqzihbix pacTBOpax. Hhtc- 
pecHO to, hto peaKHHH c ynacTHeM aMH- 
HOB, jxjik KOTopbix I > 8 3B, npoTexaioT 
npeHMymecTBeHHO no Hepa^HicajiBHOMy 
MexaHH3My, jxjik hhx dlgK/dl > 0, a b 
cjiynae aMHHOB c I < 83B, dlgK/dl < 0 
h npeHMymecTBeHHO peajiH3yeTca pa^H- 
KaJIbHblH MexaHH3M HX OKHCJieHHH. 

Amhhbi xapaKTepn3yiOTca Taioxe 
OCHOBHOCTBIO (pKg—ZgKg, Tfle K Q - KOH- 
CTaHTa HOHH3aifHH aMHHa B BQZie npH 

298K). Tax, b 1924 r. EpeHCTe^OM h Tle- 
^epcoHOM [4] 6bijih npe^Jio^ceHbi ypaB- 

14 


HeHHH, COrJiaCHO KOTOpBIM KOHCTaHTBI 
CKOpOCTH peaKIfHH, nO^BepaceHHBIX 
odmeMy KHCJIOTHOMy HJIH OCHOBHOMy 
xaTajiH3y, onpe^ejimoTCH KOHCTaHTaMH 
JJHCCOHHaifHH KaTaJIH3HpyiOmHX KHC- 
JIOT HJIH OCHOBaHHH. 3Ta 3aBHCHMOCTB, 
H3BecTHaa no# Ha3BaHneM ypaBHeHHe 
EpeHCTe^a, 3anHCbiBaeTC5i cjie^yioiifHM 
o6pa30M: ^jih khcjiot: 

k HA = G / K „/ 

lg k „A= IgG A +al gK^ 
a Jia ocHOBaHiifi: k B = GJKJP hjih 
lgk=lgG B + pigK fi 

3qecb k HA (k fi ) - KaTajiHTHHecKaa 

KOHCTaHTa, nojiyneimaa npn ncnoJib30- 
BaHHH qaHHOH KHCJIOTbl (OCHOBaHHH). 
K ha (K b ) - KOHCTaHTa HOHH3aiIHH 3TOH 
JKe KHCJIOTbl (OCHOBaHHH); G a (G b ) II 
a((3) - aMnupiiHecKHe KOHCTaHTbi xapaK- 
TepHbi paccMaTpiiBaeMoii KaTaniiTHHe- 
ckoh peaKqiiH. 

B 1953 r. Cbchom h Ckotom [6] 
6wjio npeqjiOJKeHO ypaBHeHHe, anbTep- 
HaTiiBHoe o6o6meHHOMy ypaBHeHiiio 
EpeHCTeqa. 

lgk = lgk 0 +Sn 

Tqe k h k 0 - KOHCTaHTbi CKopocTH 
peaKqiiH MeJKny ajieicrpoijiHJioM S h 
qaHHbiM (N) hjih CTaHqapTOM (N 0 ) Hy- 
KJieo(})HJiaMH; n h S - nocToaHHbie, 
xapaKTepH3yiomHe HyKJieoijiHJibHOCTb 


HyKJieO(})HJia H HyBCTBHTejIbHOCTb S K 
H3MeHeHHIO Hy KJieO (jjHJIbHOCTH aTaKy- 
romero areHTa. ^Jia CTaHqapTHoro Hy- 
KJieo(})HJia (H,0) n=0. 3a CTaHqapTHbiH 
3JieKTpo(J)HJi 6epeTca CH,Br, qua ko- 

Toporo ycJiOBHO S = 1. lg-E = n, rqe 
k D 

n OTHOCHTCa K KOHCTaHTe THHpOJIH3a 

CH,Br, npn 298 K. 

(PA)g - cpoqcTBO aMHHa k npoTOHy 
b ra30B0H (J)a3e, (b k/Jjk/mojib) noayqeH 
MeTOHOM HOH-HHKJIOTpOHHOrO pe30HaH- 
ca [7]. ( PA)g npeqcTaBJiaeT co6oh Te- 
njioBOH 3<J)cj3eKT peaKqqq 

A + H + = AH + + PA. 

IlapaMeTpbi I,pK B , (PA)g, E t ,n B3a- 
Tbl H3 pa6oTbl[2], a/MH3 KHHTH [5], nn~ 
minepHqiiH, M<t>-Mop(jiojiHH. 

E p - noTeHquan aHoqHoro OKHCJie- 
HHa aMHHa b aqeTOHHTpiuie no OTHOine- 
hhio k HacwiqeHHOMy KanoMeJibHOMy 
sjieicrpoqy [8], 

KaK BiiqHO H3 Ta6ji.l, Bejniqii- 
hm / 3aKOHOMepHO y6biBaioT b paqy 
RNH, — > R,NH — » R 3 N, b to BpeMa qua 
qpyrnx napaMeTpoB 3Ta 3aKOHOMep- 
hoctb He TaK neTKO BbipaaceHa hjih Ha- 
pymaeTca. HanpiiMep, ochobhoctb bto- 
piiHHbix aMHHOB b BoqHbix pacTBopax 
6ojibine, neM ochobhoctb nepBHHHbix h 
T peTHHHblX aMHHOB. OqHOH H3 npiIHHH 
3Toro HecooTBeTCTBHa aBJiaeTca pa3Haa 
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Tafiji. 1. 


HapaMCTpu aMima 


JVa 

Amhb 

I 

P K b 

(PA) e 

E P 

n 

P 

9n 

1 

ch,nh 2 

8,97 

3,38 

877,0 

- 

5,21 

1,46 

- 

2 

C 2 H 5 NH 2 

8,86 

3,27 

888,2 

- 

4,93 

1,28 

-0,038 

3 

q-C,H 7 NH 2 

8,78 

3,47 

893,3 

1,63 

4,95 

1,33 

-0,037 

4 

q- C 3 H 7 NH 2 

8,72 

3,37 

897,4 

- 

4,68 

1,2 

- 

5 

b-C 4 H„NH 2 

8,68 

3,22 

895,8 

1,63 

5,04 

1,4 

-0,035 

6 

q-C 4 H„NH 7 

8,63 

3,34 

- 

1,62 

4,99 

1,28 

- 

7 

h -C 6 H 13 NH 2 

8,63 

3,37 

- 

- 

- 

1,4 

-0,036 

8 

h-C,„H 2! NH 2 

8,63 

3,37 

- 

1,72 

- 

1,41 

-0,036 

9 

hoc 2 h 4 nh 2 

- 

4,5 

- 

- 

- 

2,27 

-0,033 

10 

c 6 h,nh 2 

7,7 

9,42 

- 

- 

- 

1,5 

0,051 

11 

(CH 3 ) 2 NH 

8,24 

3,27 

905,4 

- 

5,63 

1,17 

- 

12 

(c 2 h s ) 2 nh 

8,01 

2,91 

927,1 

1,4 

4,75 

1,2 

-0,072 

13 

(c 3 h 7 ) 2 nh 

7,84 

3,05 

944,7 

1,26 

4,75 

1,07 

-0,072 

14 

(c 4 h 9 ) 2 nh 

7,69 

2,70 

- 

1,31 

4,27 

1,04 

-0,070 

15 

c 2 h 5 nhch 3 

8,12 

3,15 

- 

- 

- 

- 

- 

16 

(HOC 2 H 4 ) 2 NH 

6,0 

5,3 

- 

- 

- 

2,81 

-0,058 

17 

nn 

8,7 

2,88 

- 

- 

5,59 

1,2 

-0,061 

18 

M® 

8,5 

5,67 

- 

- 

5,29 

1,54 

-0,053 

19 

(CH 3 ) 3 N 

7,82 

4,19 

925 

1,29 

6,01 

0,86 

- 

20 

(C 2 H 5 ) 3 N 

7,5 

3,22 

953 

1,19 

4,05 

0,78 

-0,08 

21 

(c 3 h 7 ) 3 n 

7,3 

3,17 

962,5 

1,02 

- 

0,74 

-0,076 

22 

(C 4 H 9 ) 2 N 

7,15 

- 

- 

- 

- 

0,78 

-0,075 

23 

(c 2 h 5 ) 2 nch 3 

7,63 

3,25 

- 

- 

- 

- 

- 

24 

C 2 H s N(CH 3 ) 2 

7,74 

3,3 

- 

- 

5,44 

- 

- 


CTa6HJIbH0CTb COOTBeTCTByiOmilX ni- 
flpaTHpOBaHHWX COnpiDKeHHbIX KHCJIOT. 
Ilcxoflfl H3 BbimecKa3aHHoro, qaqjiyq- 
rnyio KopperaqHio Meacqy / h qpyniMq 
napaMeTpaMH MoacHO oxcqqarb, Korqa 
nepBHHHbie, BTopiiHHbie q TpeTqqqwe 
aMUHbl paCCMaTpHBaiOTCH B OTfleJIbHO- 
CTH. 

C noMoiqbio KOMqbioTepqoq npo- 
rpaMMbi “Origin-6“ cqejiaq ananm jih- 


HeHHOH 3aBHCIIMOCTH 1= a + bX (1), rqe 

X-(PA)g, E p n, K b , g - (jjyHKqpw Ta<})Ta 
" %■ 

PemeHMe ypaBqeqqa 1, qoKa3HBa- 
eT, mto Korqa qepBiiqqwe, BTopqqqwe 
q TpeTqqqwe aMHHbi o6cy>KqaioTCH b 
coBOKyqqocTM, qojiyqaeTca xopomaa 
Koppejiaqqa Mencqy / c (PA)g q E p 
(maoJi.2) 

Koppejiaqqa Me»cqy / q n, pK B qe- 


yqoBJieTBopqTejibqa, oqqaico Korqa qep- 
Biiqqwe, BTopqqqwe q TpeTqqqwe aMH- 
Hbi paccMaTpqBaioTca b omejibqocTq, b 
OT qeJibqwx cjiyqaax qojiyqaioTCH xopo- 
mqe Kopperaqun: 

B Ta6nqqe 1 qpqBeqeqw TaK- 
»ce 3qaqeqqa qqqojibqwx MOMeq- 
tob aMqqoB. Koppejiaqqa Me>Kqy / q 
wiqeyqoBJieTBopqTeJibqa. OqqaKo, bcjih- 
■i m f i bi m aMqqoB 3aKoqoMepqo y6biBaioT 

Tafiji. 2. 


riapaMeTpbi ypaBiieima 1 


IlapaMeTp 
aMiiqa, X 

a 

b 

K03(J)(J)HLlHeHT 
KoppejiflijHH, r 

Mucjio 

aMHBOB,N 

Amubbi 

(PA) g 

(26,56 ±1,34) 

-(0,02 ±0,001) 

0,977 

11 

Bee 

Ep 

(4,86 ± 0,26) 

(2,26 ±0,18) 

0.975, 

10 

Bee 

P K ft 

(8.67 ±0,81) 

(0,11±0,04) 

0,921 

8 

(RNH,) 

PKf, 

(7.26 ± 0,29) 

(0,22 ± 0,08) 

0,850 

7 

(R,NH) (6es IHl) 

PK r , 

-(3,56± 1,19) 

(3,43± 0,37) 

0,988 

4 

(R,N) (6es(CH,),N) 

11 

(6,69± 1,10) 

(0,43 ± 0,22) 

0,744 

6 

(RNH,) 

n 

(4,98± 0,87) 

(0,63 ±0,17) 

0,876 

6 

(R,NH) 

G 

(9.35±0,05) 

(4.74 ±0.501) 

0.989 

4 

(RNH,) 

9n 

(8,30 ±0,04) 

- (11,90 ±1,15 

0,986 

6 

(RNH,) 

q N 

(2,37 ± 1,2) 

- (64,29 ±33,6) 

0,968 

3 

(R,N) 

3n 

(9,87± 0,28) 

(29,79± 4,74) 

0,880 

13 

Bee 
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b psjy 

RNH, U R MI □ R,N. 

B KoppejiaqiioHHOM auanme npq- 
MeHaioTca pa3qqHHbie KOHCTaHTbi 3 a- 
MecTHTeaeS h KoppeaaquoHHbix co- 
oTqomeqqq, qoayqeqqwe c qcnoqb30- 
BaqqeM pa3Jiqqqbix TqqoB peaKqqoH- 
qwx cepqfi. HaqpqMep, a - (JiyqKqqa 
Ta(J)Ta [9,10] q E,, KOTopbiil OTpaacaeT 
CTepqqecKiie 3<}>ct>eKTbi 3aMecTqTe- 
aa. Tax, b paqy CH,-,C,H 5 -,q-C 3 H 7 - 
,q-C,H 5 -,qqqepqqMa q Mopcfioaqa a 
iiMeeT cqeqyronqie 3qaaeqqa -0,07, 
-0,10, -0,115, -0,13, -0,18 q -0,67. E s 
qaa Bbirne yqoMaqyToro psqa 6yqeT 0, 
-0,07, -0,36, -0,48, -0,51 q -0,51. 

7]a a nepBiiHHbix aMqqoB iiMeeT- 
ca OTaqqqaa Koppeaaqqa Meacqy /no 
(mao.i.2) 

Kax Bqqqo q3 qpqBeqeqqoro aqa- 
aq3a, b ocqoBqoM qoayaaioTca xopo- 
mne Koppeaaqqq Meacqy / n qpyrnMq 
qapaMeTpaMq aMqqoB. YnqTbiBaa, hto 
qpq peaKquax aMqqoB c paqqKanaMq, 
qepoKcqqaMq n HC KoqcTaqTa cicopo- 
CTq KoppeaqpyeTca c / [1-3] q Bcanaqqa 
qocaeqqero 3aBqcqT ot 3apaqa a30Ta, 
qaMU KBaqTOBOxqMqaecKiiMii pacneTa- 
mh oqeqeq 3apaq a30Ta q cqeaaq aqaaq3 
qaa qaxoacqeqqa Koppeaaqqq Meacqy / 
q3BecTqwx aMqqoB q q N - 3apaq a30Ta b 
Moaeicyae aMqqa. 

Tlaqqwe KBaHTOBOxiiMiiHecKqx pac- 
aeTOB qpqBeqeqw b Ta6aqqe 1. J\na 
nepBiiHHbix aMqqoB c qoBbimeqqeM q ^ 
I yBeanaqBaioTca. IloayaaeTca xopo- 
maa Koppeaaqqa Meacqy In q N . aa Tpe- 
Tqaqwx aMqqoB Koppeaaqqq xopomqe. 
CaeqyeT OTMeTqTb, hto Korqa qepBUH- 
qwe, BTopuHHbie n TpeTHHqwe aMMiibi 
paccMaTpqBaioTca BMecTe, to qoayaa- 
eTca yqoBaeTBopqTeabqaa Koppeaaqqa 
Meacqy / q q N 

BBqqy toto, hto peaKqqq Mqxaaaa 
qpoTeKaioT qo qepaqqKaabHOMy Mexa- 
Hq3My, ecTecTBeqqo qonararb, hto neM 
6oabnie qoTeqqqaa qoqicaqqq, TeM 
aKTHBqee aMHH qo OTqomeqqio ko qeqa- 
cwiqeqqbiM coeqqHeqqaM. 

7]aa Bbipaaceqqa aKTUBHOCTq bto- 
pqnqoro aMUHa b peaKquax c HC Bqep- 
Bbie qpeqaoaceqo MqoroqapaMeTpoBoe 
aMqqpqnecKoe Koppenaqqoqqoe ypaB- 
qeqqe, BKaioHaioiqee qoTeqqqaa noqq- 
3aqqq aMqqa (I), ero ochobhoctb (pK B ), 
CTepqnecKqq (JiaKTop 3aMecTqTeaa (EJ 
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q qqqoabqbiil MOMeqT (m). 

!gk= Igko + aj + apK a + a^Es + a 4 \i 

PemeqqeM ypaBqeqqa qaa peaKqqq 
aKpqaoqqTpua-BTopiiHHbiq aMqq qoay- 
naeTca OTaunqaa Koppeaaqqa: 

lgk AH =-(U,6(±6,5)+(0,87±0,28) 

I+(0,31±0,l 7)pK+(0, 016±0, 06) 

Es+(0,35±0,l)m, r=0,987,n = 5 

Aqaaq3 qpeqaoaceqqoro ypaBqeqqa 
qoKa3aa, hto qoTeHquaa qoHH3aqqq 
aMqqoB aBaaeTca TeM CTpyKTypHbiM 
qapaMeTpoM, KOTopbiil oqpeqeaaeT pe- 
aKqqoHqyio coocoOhoctb aMUHOB b 
q3yHeqHwx peaKquax. OqHaKO ttot bbi- 
Boq He qaeT ocHOBaHna qaa toto, hto- 
6bi npeHeOpenb BaqaHiieM ocTaabHbix 
napaMeTpoB. 3 to 3aKaioHeHHe BnepBbie 
noqKpenaeHO KBaHTOBOXHMHHecKHMH 
pacneTaMn; 
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EXPERIMENTAL DATA IN CONDITIONS 
OF UNCERTAINTY 
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Gas, Ukraine 

A method of building empirical models of the polynomial type 
for the case when the input factors are fuzzy variables with known 
Gaussian-type membership functions has been developed. It has been 
shown, that in such conditions the output model index is also a fuzzy 
value; the corresponding membership function, being the basis for the 
formation of the identification task, has been acquired. 

Keywords: model, polynomial dependence, membership function, 
fuzzy numbers, method, model parameters. 
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MOAEJIHPOBAHHE 
TEXHOJIOrHUECKHX OEBEKTOB IIO 
3KCIIEPHMEHTAJIEHEIM flAHHBIMH B 
yCJIOBKHX HEOIIPE£EJIEHHOCTH 

TopbHHHyK M.H., ^-p tcxh. HayK, npo(j). 

TyMeHioK T.B., accucTeHT 
noBapuyK acnupaHT 
MBaHO-OpaHKOBCKHH HaUHOHaJIBHBIH TeXHHHeCKHH 
yHHBepCHTeT He(J)TH h ra3a, YKpaHHa 

Pa3pa6oTaH mctoji nocTpoemui OMnnpHHecKHX MO/ieneS nonuHO- 
MnajiBHoro BH^a jura cjiynaa, Roma BxojiHbie (jjaKxopbi aBJunoTca He- 
HeTKHMH BeJIHMHHaMH C H3BeCTHbIMH (jjyHKUHflMH npHHajIJIOKHOCTH 
rayccoBa rana. IIoKa3aHO, hto npn TaKHX ycjioBHax BbixoflHaa BenHHH- 
Ha Mo^eJiH TaioKe HeneTKaa BejiHHHHa h nonyneHa eooTBeTCTByiomaji 
(jjyHKumi npHHa^JieacHOCTH, KOTopaa aBJiaeTca ochoboh jijib (jjopMHpo- 
BaHna 3a^auH imeHTH(j)HKaiuiH. 

KjiioneBbie cjiOBa: Mo^ejib, nojiHHOMHajibHaa 3aBHCHMOCTb, (fymc- 
Uhm npHHaaJie»CHOCTH, HeueTKue HHCJia, Merofl, napaMeTpbi Mo/tejiu. 

YuacTHHKH KOH(J)epeHUHH, HaunoHajibHoro nepBeHCTBa no HayuHOH aHajiHTHKe, 
OncpbiToro EBponeucKo-AaHaTCKoro nepBeHCTBa no HayuHOH aHajiHTHKe 
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P accMaTpHBaeTca oGbckt, kotopbih 
HMeeT m bxouob X . , i = \, mu o^hh 
BBixojf y . 3aBHCHM0CTB y — f (x J , r/je 
X = (xj, x 2 , . . . y X m ) , 6ys[eM hckbtb y 
Btme ypaBHeHua perpeccHH 


y=H c jYl x i JI ’ w 

7=0 /=: l 

r^e c . - K03(J)(J)HUHeHTBi nojiHHOMa; 
q> - CTeneHH apryMeHTOB, yaoBJieTBo- 


paiomHe orpaHHHeHHK) 


£*p P^ r ’ 


;=i 


V j . Mhcjio qqenoB n nojiHHOMa (1) 
oqpeqejiaioT no (JiopMyjie [1]: 


+ ( 2 ) 
m ! r ! 

B tom cnyuae, Kor^a nepeMeHHBie 
x. , i = 1, m, H3MepjnoTC5i 6e3 ouih6ok, 
a Ha 3HaueHHe y HaKJiajjBraaeTCJi ajx- 
^HTHBHaa noMexa, KOTOpaa HMeeT Hop- 
MajiBHBiH 3aKOH pacnpejjejieHHa, h na- 
paMeTpBi TaKoro 3aKOHa hbjhiiotcji HeH3- 
MeHHBIMH Bcex TOHeK HadjIIO^eHHH. 
Toczja onpe^ejieHHH napaMeTpoB 

MO^eJlH (1) MO)KHO HCn0JIB30BaTB MeTO£ 
HaHMeHBUIHX KBa^paTOB HJIH o6o6meH- 
HBIH MeTO tt HaHMeHBUIHX KBa^paTOB JXJlSi 
cjiyuan, Korjia jfHcnepcHH ajmHTHBHoro 
npenaTCTBHH H3BecTHBi, ho pa3HBie b 
TOHK ax Hadmo^eHHH. 

Ha npaKTHKe HH(J)opMaLiH5i o CTa- 
THCTHuecKHX xapaKTepHCTHKax aUUH- 
thbhoh noMexH ^ocTymia tojibko b ot- 
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^ejiBHBix cjiyuanx. Bouee toto, Bxo^HBie 
BeJIHHHHBI no TeM HJIH HHBIM npHHHHaM 
H3MepaeTC« HeTOHHO H HX 3HaHeHHfl 
mo^cho yKa3aTB c HeKOTopoii HeyBepeH- 
hoctbk). 3ajjana H,neHTH(j)HKaijHH 3Ha- 
HHTejiBHO ycjio^cHJieTCH b Tex cjiynaax, 
KOT^a H3MepHTeJIBHBIH CHTHaJI npOXOJIHT 
nepe3 ecTecTBeHHBiH KaHau c HeH3BecT- 
HBIMH CTaTHCTHHeCKHMH XapaKTepHCTH- 
KaMH. Taicaa CHTyaiiH^i BCTpenaeTca, Ha- 
npHMep, npH OypeHHH CKBa>KHH, Korjxa 
oceBaa Harpy 3Ka Ha ^ojioto h nacTOTa 
ero BpameHHH H3MepaiOTca Ha3eMHBiMH 
npHdopaMH. 

B TaKHX cjiyuanx BxojjHBie bcjihuh- 
hbi x. , i = 1, m ecTecTBeHHo HHTep- 
npeTHpoBaTB Kax HeneTKHe BejiHHHHBi c 
(JjyHKtiH^MH npHHajiJiemiocTH 


|i(x,) = e x p 


(*,-*, (0) ) 

2ai 


. (3) 


me xf\ a,., i = l,m - cootbct- 
CTBeHHO Mo^ajiBHoe 3HaneHHe h napa- 
MeTp HeneTKocTH (JjyHKUHH npHHa^jie^c- 
HOCTH. 

EyzjeM HCKaTB (fjyHKUHio npHHazt- 
Jie^CHOCTH BBIXOJJHOH BeJIHHHHBI. 

^ n m ^ 


p(y) = p X c ,n 


V 3=1 1=1 


f 


- exp 


v 


(• v ~ a r 

2a 2 y 


\ 2 \ 


y 


(4) 


napaMeTpw a y n a r (JiyHKqiiii 
npnHaqjieiKHOCTH (3) onpeqeJiHM, nc- 
noJib3ya npaBHJia BbinojiHemw apnij)- 
MeTnnecKiix onepaqini naq neneTKiiMii 
qqcjiaMM - Tnqa ( L — R ) b rayccoBOM 
6a3Mce [2, 3], Hcxoqa M3 CTpyKTypbi mo- 
qejin (1), qua oqpeqejieniw qapaMeTpoB 
a n a r (jiyiiKiuin qpqqaqjieacnocTM 
(4), neo6xoqMMbi TaKMe oqepaqnn naq 
neneTKiiMii qqcqaMii KaK cqoqceqqe, yM- 
noaceque neneTKMX nnceq n yMnoacenna 
neneTKoro nncqa na neTKoe. 

nycTb/f,^ =(a l ,a,,P l ) n 

B LR =(a 2 ,a 2 ,fi 2 ) - neneTKMe 

qqcqa ( L-R )- Tiiqa, rqe Cl 2 

- Moqaqbnbie snanenna; aj, a 2 , 
p i - qeBbie n qpaBbie K03(J)(J)qqq- 
enTbi neneTKOCTM. Torqa qapaMeTpw 
neneTKHx nnceq C LR =A LR +B LR = 
= (fl.a.p). C LR = A lr ■ B lr = (a, a, 
h C LR =qA LR =(a,a, P) cooTBeTCTBen- 
no BbinncqaioTca qo cqeqyioiqqM (jiopMy- 
qaM: 

a = a l +a 2 , a = a, + a 2 , 
p = pi+p 2 ; (5) 
a = a x a 2 , a = a x a 2 + a 2 <x x , 

P = <3jP 2 + a 2 Pj ; (6) 

a = qa v a = qa l , p = ^P, . (7) 


BbinncquM cyMMy Yl qeneTKMX 
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queen S = Z. , qua Kaarooro H3 
i = 1 

KOTopwx (JiyqKqqa qpqqaqjieacHO- 

cth oqpeqenaeTca (jiopMyjioq, koto- 
paa aqanorqHqa (J)opMyjie (3). OneBqq- 
Ho, hto zf R ' =(a zi , o. zl ,a zi \. IlMeeM 
■S, 2 = Zj + Z, . B COOTBeTCTBHH C <}>OpMy- 

jioii (5) sj ' 2 = (flj 2 , a, 2 ,a, 2 ), roe 

A, 2 = a zl + a z2 > a i 2 = a zl + a _-2 ■ n °' 
CKOJIBKy S 1 3 = z t + z 2 + z 3 = s t 2 + z 3 

’ TO = ( a i..3' a i..3' a i..3)’ 

a i 3 — fl l 2 a z3 ’ a i..3 = a i 2 + a z 3 

. C yneTOM 3Ha>iennii a { 2 q a, 2 6y- 

xteM HMeTt a, 3 = a z] + a :2 + a z3 , 
a i 3 = a zl + a_ 2 + a_ 3 . Elpoqojmaa 
TaKofi HTepaqHOHHbifi qpoqec, b oOnieM 
cjiynae qonyqqM cneqyioiqHH pe3yjib- 

TaT: i u =(o J .a J ,a 1 )>roe 

n n 

a < =Y. a n ’ a ,=Z a =- (8) 

i=l I= 1 

IIcqoJib3ya (JiopMyjiy (6), Moacqo qo- 


Ka3aTb, hto b cjiynae, Koroa S 


=!>,- 


HeTKHX HHCeJI 


( '=ri z : 


, 6yqeM qMeTb s LR — (a s ,a s ,a s j, roe 

n n 

a s = X c /°*< ’ a *=Z c .-“*>•■ (9) 

i=l i=l 

,H,jia qpoq3Beqeqqa m He- 


+ ^-i<3 z3 C(. z 2 + Cl z2 a z3® J zl ) 
a z\ a z2 a z'b ^z^zi^z^zl ~*~ 

+ a z2 a z3 a :4 a z\ • 

06o6iqaa qojiyqeqqwq pe- 
3ynbTaT, qpqxoqeM k BbiBoqy, hto 
V lr =(a F ,a F ,a r ),roe 

m 

a v=Yl a zi , 

i = 1 

m m 

a F=Z a -TI a ^ (10) 

i=i *=i, 

k*i 

IIcqoJib3ya (JiopMyjiy (10), qaqqeM 
CTeqeqb HeneTKoro Hqcna (L — R^- 
Tqqa. Ecnq z, = z. = • ■ • = Z = z , to 

1 2 m 

V = z ” 11 ^ = {a v ,a v ,a v )- Hxa K , 

a v =a z , a v = ma.af 1 . m > 2 • (1 1) 
nonyqeqqbie pe3ynbTaTbi qo3BOJia- 
iot qafiTq (JiyqKqqio qpqqaqjieacqocTq 
Mcxoqqoe BCJiqqqqw _y ■ BBeqeM 

m 

o6o3HaHeHHH z y . = J^jt! Py/ • Toma 

i= 1 

Mo^ejib (1) npHMeT cjie^yiomHH bhji: 
« 

V = X c / z y H = \ a y’ a y ’ a v 

Coraacqo (JiopMyn (10) a =^\c-a„j 


7=0 


q a 


7=0 


roe 


z* M * = /a ,a ,a \, 6yqeM nMero 
2 = ZjZ 2 . HafiqeM qapaMeTpw qeneT- 
koh B ejiHqqqbi f/ 2 s ^ 2 ,a x 2 ,a x 2 ) 

. Coraacqo (JiopMyjie (7) a, 2 = a_ x a_ 2 
h aj 2 = a zl a 72 + a z2 a zl ■ Teqepb mo- 
aceM 3aqqcaTb , — Z { Z 2 Z 3 — V ] 2 Z 3 
q cooTBeTCTBeqqo 

Vffi = (a. .. . (X . ;)• HaxoflHM 

a, 3 = a, 2 a 3 h a, 3 = flj 2 a 3 +a 3 a 1 2 
. yqqTbiBaa 3qaqeqqe a { 2 q a[ 7 
, qonyqqM a x 3 = A zl A z2 a z3 q 

a i .3 = a zi a z2 a z3 a z3 (°zi a z2 + fl z2 a z l ) = 
= «zl«-2 a z3 + «zl«z3 a z2 + «z2«-3 a zl 

nocKOJibKy v ]4 = V ]3 Z 4 q 

“..>)• T ° C0 ‘ 
raacqo (7) a 14 = a { 3 a z4 h 

Oil . 4 — fl, 1..301z4 ' EcJIH 

yqecTb paqee qailqeqqbie 3qane- 
Hqa 2 q , , to 6yqeM nMero 

a L.4 = a zi a z2 a z3 a z4 H a i..4 = 
— Ct_ x a z2 a z3 (X z4 +^-4 ( a zl 6( z 2 a r3 


C (J)OpMyJiaMH (10) 


/=1 A=l, 

k±i 


/t=i, 
k*i 

3Haa ^ . h a , Haxo^HM 

?/ zy 

n m , , n 

-Zsn^r 

■— n 1,-1 v 7 9 


“z=Z C 7 


7=0 Ar=l 

\<P,7-> 


s<p,(^T “-TIHT 

k*i' 

(13) 


7(iia (jjyqKqqq qpqqaqneacqo- 
CTq (4) oqpeqenqM y - cpe3. Toroa 


exp 


( y- a >) 

2a! 


= y . 


C qocneqqero ypaBqeqqa oqpeqe- 


y = °y + a yf n ^T- (14) 

EloqcTaBJiaa 3qaaeqqa fl y q Ot v c 
(13) b (JiopMy (14), qonyqaeM 


y=E c j 

7=0 


n(*.T+ 




+ A r 


Xo,[^r 'a.. i if'-;" r 


,(15) 


= y,c,.g„. ■ ElaqqeM 3qaqeqqe 


a q a zJ . JS, nn 3Toro BBeqeM eiqe oqqy 


qeneTKyio qepeMeqqyro ( / ) = x' Pj ' q 

P> LR) U) = {a pi (j)’ a piU)' a piU)} ■ 

Toroa Zj=f\p,{j). B 


COOTBeTCTBHH 


=W a Pi{j ) « 

i=i 

/W 1W 

• X U . •,(/>! I'';4(/t (!2) 


nocKOJibKy p. ( j ) = q 

Xi <LS) = (x< 0) , a zi , a xj y i = 1 , m, to 

coraacqo (JiopMyn (11) 

«p i (7) = (4 0) f> M (^) = (^ 0) ) ,,J H 

(7') = ( P„ ( x , <0> ) a* . IIoqcTaB- 
naa qojiyqeqqwe pe3yjibTaTbi b (JiopMy- 

jiw (12), qojiyqqM a z - = | | xj°* j 


roe 4 = A /ln 

nojiyqeqqbiq pe3yjibTaT CBMqeTeJib- 
CTByeT o tom, hto yneT qeneTKOCTM qc- 
xoqHbix qaqqwx qpqBoqqT k qoaBJieqqio 
oqpeqeJieqHoro «niTpa(}>a», Bejiqqqqa 
KOToporo oqpeqenaeTca qapaMeTpaMq 
(jjyqKqqfi qpqqaqjieacHOCTq (3). 

Teqepb motkho ccJiopMyjiqpoBaTb 
3aqany HeneTKoil qqeiiTqijiqKaHMM cne- 
qyioroHM o6pa30M: oqpeqenqTb qapa- 
MeTpbi c , 7 = 0,17 — 1 Moqenq (15) 
TaKqM o6pa30M, hto6w MqqqMH3qpo- 
BaTb cyMMy KBaqpaTOB OTKJioHeqqq 
pacneTHbix 3Haneqqq, oqpeqenaeMbix 
cooTHomeqqeM (15), ot 3iia>ieiiqii, qa- 
OnioqaeMbix qa Bbixoqe o6i,eKTa 

J {c)=ll Y t -y t ) 2 ’ (16) 

/= 1 

me y t - BBiHHCJieHHBie 3HaneHHH 
BBIXO^HOH BeJIHHHHbl ^JIH Ka5K£OH TOHKH 
Ha6jHO^eHHH. 

^onycKaeM, hto HaOmo^eHHio ^o- 

( 0 ) 

CTynHbl BXO^HHIHe BeJIHHHHbl X] ' , 
KOTopwe o6o3HaHHM Kax x t , i = 1, m . 
C(J)opMHpyeM MarpHuy F H3 (JjyHKOHH 
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KojmnecTBO iiaOjiiojeiimi 


Phc. 1. 3aBiiCHMOCTb v 0 (x) ot peatHMHbix napaMeTpoB x l h x. 


qpq K03(})(})HqHCHTax c ypaBqeqqa pe- 
rpecciiH (15) pa3MepoM nxN, me N 
- HHCJIO Ha6jIIOqeHIIH 3a BXOqqWMq H 
BWXOqBOq BeJIHHHHaMH. 

Torqa y = Fc h (JiyqKqqoqaa (15) 
qpqMeT caeayioupiq Bqq: 

j{c) = (Y-y) T (Y-y), (16) 

rqe Y = (Y v Y 2 ,...,Y n ) T - seK- 
Top 3Ha>ieFinii qcxoqqoq Bcaqqqqw b 
K axcqoq tohkc qa6aioqeqqq t = \,N ; 

y=(y 1 ,y 2 ,...,y N ) ■ BeKTop bhhhc- 

Jieqqwx SFia'ieiiMil Bwxoqqoq Bcaqqqqw 
qo <}>opMyae (15) b Kaacqoii ToaKe qa- 
6jnoqeqqq. 

MHHHMH3aqqfl 4>yqKqqoqana (16) 
3 a BeKTop-qepeMeqqoq c qpMBoqMTb 
qpqBoqMT k TaKOMy pe3yjibTaTy [4]: 
c = M~'F t Y , qe M = F t F - MaTpqqa 
cpqmepa. 

^.oqycTqM, hto 3aBMCHMOCTb Meacqy 
BxoqoM q BbixoqoM qeKOToporo o6beKTa 
oqqcwBaeTca cooTqomeqqeM (1). ITpH 
3tom m = 2 q r = 2 . KoaqaecTBo aae- 
qoB TaKoil perpeccqoqqoti 3aBMCHMOCTM 
BbiqqcjiqM qo (jjopMyae (2) - n = 6 . 

BBeqeM TaKoe o6o3Baqeqqe: 


/ {*• V, ) = z <p a (*, (o> y* o, n ( 4 o) ) 




06pa3yeM MaTpqqy cTeqeqeil pe- 
rpeccMoqqoil Moqeaq (1) 




9 01 9 ll 9 2 1 9 3 , 941 951 

902 9i2 922 9 3 2 942 9s2 


0 10 12 0 

" 0 0 1 1 0 2 ’ 

BwqqcjiuM /(3c,(p 0i ) = (p 01 x 1 ‘ PD1 ' 1 a 1 xJ” 1 + 
+ (p 02 x 2 q, ”~ 1 a 2 ;t I , ’“ • ywbiBafl 3HaaeHqe 
9oi H 9 o 2 > nonyqMM /(x,cp oi ) = 0. 
Aqanorqqqo qaxoqHM, hto 


/( J .9i,) = 9iAr H aW 2 + 
+<p l2 x ? 2 ~ l a x2 x?" = a xl > 
f(x, <p 2j ) = <p 2l x?*-'a xl x^ + cp 22 x 2 fe 


f{x, 93 ,) = 93 i^r i " 1 a rf -* 2 fe +^A»-'a x 2 xJ" = 

** 2 * 1 ’ 

f{x, 9 4l ) = 9 4 Ai <,4, ‘ 1 a l i JC 2 4J + * 

+ (p 22 xf 2! - l a x2 x? 21 = a x2 


f(x, 9 S , ) = 


= 95Ar , '‘a.A2 T " +952*2™ a x2 X \ 


■1>22-1- 


= 2a„,x, 


IlTaK, c yneTOM HeneTKOCTq 


Bxoqqwx qepeMeqqwx, Bwxoq 06b- 
eKTa («J = 2, r = 2) oqqcwBaTbca Ta- 
KOil 3MnHpH>ieCKOH 3aBHCqMOCTbIO: 

y = c p + c, (x, + Aa xl ) + c, (x 2 + 4a l2 ) + 
+c 3 \X\X 2 + A y (x l a x2 + x 2 a xl J j 
+c 4 (x, 2 + 24, a xl x t ) + c 5 (x 2 2 + 2 A y a x2 x 2 ) • 

B tom cnynae, Korqa y = 1 Torqa q 
Mbi qpqxoqeM k neTKoft 3aqaqq qqeq- 
TH(j)HKaqHH, B KOTOpOH MoqaabHwe 
3Haneqqa Bxoqqoti Benqnqqw oto- 
acqecTBaeqw c qx 3Ha>iennaMH, qoq- 
qaioTca qeqocpeqcTBeqqoMy qa6jno- 
qeqqro. 

3<}><}>eKTqBBOCTb q pa6oTocqoco6- 
qocTb pa3pa6oTaqqoro MeToqa Moqe- 
jiqpoBaqqa qpoBepanacb qa qpqMepe 
qpoqecca yrjiyOneqqfl CKBaacqq. Ilpo- 


Mbimneqqbix qaqqbie 6bmq qojiyqeqw 
qpq 6ypeqqq oqqoq M3 CKBaacqq Haq- 
BqpqjfflCKoro YEP. 

HccneqoBajiacb (jjyqKqqoqajibqaa 
3aBncqMOCTb MexaqqqecKOM ckopoctm 
6ypeqqa ot TexqojiorqqecKqx qapa- 
MeTpoB Taxqe KaK oceBaa qarpy3Ka qa 
qoaoTO P q aacTOTa ero Bpaiqeqqa N d 
. IlocKOJibKy pcacuMqwe qapaMeTpw P 
q n q3MepaK>Tca qa3eMqbiMq qpq6o- 
paMq, to 3qaqeqqe P q N d paccMaTpq- 
Baaqcb KaK qeaeTKqe qqcaa. 

23,Jia qpqBeqeqqa qepeMeqqwx mo- 
qeaq b copa3Mepqwx 3qaqcqqq peacqM- 
Htie qapaMeTpw qpoqecca 6ypeqqa oce- 
Baa qarpy3Ka qa qoaoTO F q aacTOTa 
Bpameqqa poTopa N d 6waq qpqBeqe- 

hw k 6e3pa3MepqoMy Bqqy x = , 

1 X max 

i = lN, rqe xe{P,^V d }’ Xe{P,N d }y 
N - KoaqaecTBo ToaeK qa6aioqeqqq; p , 
N d - 3Baaeqqe P , ]\[ b 6e3pa3Mepqwx 
eqqqqqax. 

Ewan BwOpaqw caeqyiomqe 3qa- 
aeqqa: r = 3 q m = 2. CqqTe3 Moqeaq 
(15) ocymecTBJiaaca c qoMoiqbio pa3- 
pa6oTaqqoro reqeTqaecKoro aaropqT- 
Ma [5], KOTopwq qo3BoaaeT BwqqcaqTb 
qe ToabKO qapaMeTpw Moqeaq, qo q 
Bw6paTb oqTqMaabqyio CTpyKTypy 
Moqeaq qa ocqoBe KpqTepqa peryaap- 
qocTq. B cpeqe MatLab, c ootb eT CTBy - 
toiqee qporpaMMqoe o6ecqeaeqqe 
peaaq3aqqq 3aqaaq MoqeaqpoBaqqa c 
pa3pa6oTaqqwM MeToqoM. B pe3yab- 
TaTe pa6oTW qporpaMMW qoayaqaq 
caeqyioiqqe 3qaaeqqa a qapaMeTpoB 
SMqqpqaecKoq Moqeaq: c, = 1,5478; 

C 4 =0,1793; c 9 =0,3498. Ha pqc. 1 qo- 
Ka3aqa 3aBqcnMOCTb (JiyqKqqq v 0 (x) 
ot pexaiMBwx qapaMeTpoB x, = F q 
x 2 = N d . 

Pa3pa6oTaHHHH mctoji nocTpoeHHH 
3MIIHpHHe CKOH MO^eJlH nOJIHHOMHaJIB- 
Horo bi ijxa, KOTopbiH ^onycKaeT, hto 
BXO^HB ie (JjaKTOptl HeneTKHe BeJIHHHHBI 
c H3BecTHOH (JjyHKiiHeH npHHa^Jieac- 
hocth rayccoBa rana. E[oKa3aHO, hto 
nojiyHeHHaa: 3MnHpHHecKaa Moment 

Taxace ^BJiaeTca nojiHHOMOM, r^e bxo#- 
HBie (J)aKTOpBI HMeiOT ^OnOJIHHTeJIBHyiO 
cocTaBJMiomyio, KOTopaa 5iBJineTCH 
CBoeo6pa3HOH «njiaTOH» 3a HeneTKocTB 
BXO^HOH HH(J)OpMai3HH. JJjM CHHTe3a 
HeneTKOH Mo^ejiH Hcnojn>30BaH mctoji, 
ocHOBaHHBiH Ha H^eax reHeTHHecKHx 
aJiropHTMOB. 
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ANALYTICAL CALCULATIONS OF ENERGY CONSUMPTION WHEN MIXING 
SOLUTION WITH THE HELP OF FUNCTIONAL CHARACTERISTICS 

B.O. Korobko, Ph.D. in Technical Sciences, Associate Professor 
Poltava National Technical Yuri Kondratyuk University, Ukraine 

The influence of rheological characteristics of the mortar mix and the mixer’s quality factor on its energy intensity have been studied. We have 
also detennined the recommended operating time for the mixer. 

Keywords: mortar mix, mixer, energy intensity. 
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Fig. 1. The dependence of the critical shift voltage on time t 


D etennination of capacity of electric 
actuator in a mortar mill of coercive 
action is rather complicated. Building 
mortars that are coarse suspensions 
fall into visco-plastic bodies, which 
properties and flow conditions differ 
significantly from viscous liquids. 
The changeability of physical and 
mechanical properties of building 
mortars depending on time and speed 
assumes great importance. This fact 
greatly complicates the process of mortar 
mix flow during the mixing. Therewith 
there appears a significant amount of 
resistances, the most prominent among 
which are frictional strength (internal 
and external), resistances, caused by 
the operation of mass motion, and 
resistances arising from inertial efforts, 
from wave generation and etc. Many of 
these resistances do not remain constant 
during the mixing cycle. Besides, we 
have a wide range of building solutions 
depending on mortar formula and on 
component performances. All of this 
complicates the matter of determining 
the resistance components arising in the 
process of mixing. 

Currently there is mostly used the 
equipment, in which the mixing process 
takes place due to mechanical impact on 
the environment. 

The first scientific works, dedicated to 
the study of mixing process and calculation 
methods of mixing equipment, appeared 
at the beginning of the last century. There 
were not many of these works and the 
number of works that considered mixing 
suspensions and visco-plastic medium 
was even less. All this complicated the 
studying of energetic characteristics in 
mixing processes, the development of 
common methods for calculating mixers 
and the detennination of effectiveness and 
fundamental optimal parameters. 
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When studying mixing processes 
the authors of the above-mentioned 
works considered liquid motion and 
blending of liquids processes, efficiency 
determination of blending, heat transfer 
and catalyzation of chemical behavior. 
Only a few papers dealt a little with the 
studying of suspension flow and mixing 
of suspensions and other visco-plastic 
bodies [1, 2, 3, 4], 

In the 1930-40s there were published 
the works, dedicated to the issues of 
power expenditure during mixing [5,6], 

In the research paper [7] there was 
applied the Newton’s law of internal 
fluid friction to determine the resistances 
arising during mixing. 

In the research paper [8] there was 
offered the method of calculating screw 
mixers. 

Based on the analysis of the problem, 
it can be said that the issue of visco-plastic 
fluid motion has not been studied enough 


yet, it is especially subject to coarse 
suspensions, which include building 
mortars. There are also no generally 
accepted calculation methods for mortar 
mixers. Generally the calculation of 
equipment, working with such mixtures, 
is performed by empirical dependences 
and formulas developed for the cases of 
viscous fluid motion. 

The dependence of the critical shift 
voltage on time is expressed by the 
equation 

r(7) = r„+(r 0 -r„)A fi ,( 1 ) 

where T - is the critical shift voltage, 
which goes from its initial value T 0 (dry 
mix) to the nominal value, corresponding 
to ready mix; 

K — ls the coefficient that characterizes 
the mixer’s quality: the location and 
geometry of the blades and belts; 

t - is time. 
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Let’s see how the value T (the 
critical shift voltage) varies according to 
time t . 

Analyzing Fig. 1 we can see that the 
solution is being mixed to the acceptable 
level ( r = 600 Pa ) over the time of 120 
seconds. 

Power consumed by the mixer is 
described with the mathematical relation 

P= -v)ds = 

s 

(R i+ R 2 ) 


E mix . = } ( ' L, + ( ' r 0 - ) e~ KI )dt-a>\ tga \ ( R ‘* R 2 );r(.R 2 2 -R?) + m tg a 2 dab 


— T'(0' tg<J x 


+ t co ■ m- 


COS cr. 


- Kt s,o P = ln 


0,lr„ 


T n - T„ 


t =llnI<LZS 

K 0,1 r„ ■ 


I R + R 
= a>\ tgrr x { — ' -)k(R 2 - R^ + mtg a 2 d ab 


T n 't slop +- 


K 




(4) 


■(7? 2 2 -i?f) + 

d ■ a-b (2) 


where n - is the normal to the 
elementary area, the unit vector; 

V - is the speed of elementary area’s 
movement in solution; 

g - is the area of belts and blades; 
co - is the rotational speed; 

CTj - is the belt angle; 

< y 1 - is the blade angle; 

R R 2 - are the least and the 
biggest radiuses of the belt; 

m - is the number of blades; 
d - is the shoulder of the blade 
attachment; 

a - is the blade width; 

}j - is the blade lengj^ 

In order to search out the total work 
it’s necessary to find 1 1 

^+(^0 -^n) e ~ K ‘ S ' V =UV 

( 7 o -r„)e KUp = 0,1 ; 

~ Kt siop _ 1 ^ „ ■ 


(3) 


The relation for the total energy is 
the following (4). 

The energy per unit of volume that 
is expended while stirring the solution, is 
calculated from the ratio 

(5) 


mix. spec. T t T r 

pv- K „f. 
where p - is the density of the 
mixture; 

V — is the mixer’s volume; 

K b , - is the blending hopper’s 


coefficient of charge. 

Let’scalculatethepowerconsumption =412 mm; ^“= 350 mm; fn= 4; &2 = 
depending on the coefficient f( f or 45°; (/= 0,3 m; a= 0,2 m; b= 0,3 m; 

E — 

mix.spec.’ ]^g 



Fig. 2. Dependence of the energy of mixing per unit of volume E 


on the coefficient K 


F — 

mix.spec.’ kg 



x. Pa 


Fig. 3. The dependence of the specific energv of mixing E on the yield 

” 1 1 ' mix.spec. J 

point of the ready mix T n 

following parameters: P =2000 kg/m 3 ; V =3,2 m 3 ; K b f = 0,8. 

r„=600 Pa; r Q =1000 Pa; (O From the graph in Fig. 2 we can 

=2,2 rad Is; CT X = 30°; /= 1,5 m; R~ see that the sustainable range of coef- 
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ficient’s values K ranges within 0.4 - 

0.8. Values less than 0.2 lead to a sharp 
increase in the specific energy con- 
sumed for mixing. 

Thus, knowing the initial data and 
the number of K of the mixer, that 
is conditional upon its geometrical 
dimensions and knowing also the 
solution weight, which is prepared by 
the formula (5) one can determine and 
compare the energy intensity (J/kg) of 
various designs of faucets during the 
preparation of solutions with differential 
mobility yet drawing-board stage and in 
the design selection phase. 

If we need to determine the dependence 
of specific energy of mixing on rheological 
characteristics of the mixture, namely on 
the _ i s the critical shift voltage of the 
ready mix, then the graph will take the 
following form. 

The proposed method of calculating 
power consumption allows to the into 
consideration the basic geometric and 


kinematic characteristics of blade and 
screw mixers, to evaluate the specific 
energy that is consumed for mixing not 
only depending on the value of the yield 
point of the ready mix T „ , but also on 
the coefficient K , which characterizes 
the quality of the mixer. 
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Conference participants, National championship in scientific analytics. Open 
European and Asian research analytics championship 


y/IK 53(023) 

YHET PE30HAHCA nPH 
nPOEKTHPOBAHHH MOCTOBEIX 
nEP EXOHOB 

TaraeB X. 1 , q-p MeacnyHaponHOH aKaneMiin “Antigue World”, 
nnpeKTop HayuHoro qeHTpa H3o6peTeHnft aicaneMHH, npo<}>. 
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,H,5KH3aKCKHH rocynapcTBeHHbiii nenarornnecKOH HHCTHTyT, 
y36eKHCTaq 1,2 

/I>K113aKCKHii IIOJIHTeXHHqeCKHH HHCTHTyT, y36eKMCTaq 3 

B CTaTbe paccMaTpnBaeTca BJiHHHue pe30HaHca npit pa3pymemm 
moctobbix nepexottoB Ha iipuviepe TaxoMCKoro MOCTa CIIIA. PacKpbi- 
BaeTca cyntHOCTb h npit'iiinbi peaonaiica it [lay'll lo-TeopcTHuecKMC 
ochobh iix ycrpaueiiHJi. 

KjuoneBbie c.ioBa: pe30HaHC, moct, [ipocKinpoiiaimc. npnpo.it- 
HblX aBJieHHH, CKOpOCT BeTpa, HOpOtKKH MOCTa, KOJiedaHHH. 

ynacTHHKH KOHijjepeHLiHH, HauHOHaiibHoro nepBeHCTBa no HayHHon aHajiHTHKe, 
OncpbiToro EBponencKO-A 3 naTCKoro nepBeHCTBa no HaynHon aHajinTmce 
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] Ijm BbiacqeqiM pa3pymMTeJibHoro 
J I Rnirtmirq pe30Haqca Ha MOCTOBbie 
nepexoqbi paccMOTpHM cjiyunBmueca 
npqpoqHbie hbjichim Ha TaKOMCKOM MOCTe 
b AMepHKe. CeqbMoro Hoafipa 1940 bohh- 
TeJiH qBHScyniHeca uepe3 noqBecHOH moct 
T aKOMa 6bmq CBHqeTeJiaMH (Ha nepBbiH 
B3rjiaq) npoTHBoecTecTBeHHoro aBncmra 
(pHc.l): HecMOTpa Ha Hedojibmyio cko- 
pocTb BeTpa (~ 17 m/c) nopoaocH MOCTa 
H3rn6ajincb c uacTOTOH KOJie6aHHH 36/ 
mhh., npn 3 tom aMmniTyna KOJie6aHHii qo- 
CTHraaa no 1,5 MeTpoB, nBiDKemie no mo- 
CTy ocTaHOBHJiocb, MHorae aBTOMo6qjm 
ocTanucb Ha cepeqHHe MOCTa. Bonmean 
He cmotjih neperaaib cboh aBTOMo6n- 
jih Ha 6e3onacHoe paccToaHHe. HacTOTa 
KOJie6aHHH nocTeneHHO B03pacTana. Ha 
HeHTpajibHoii onope noaBHJiacb TpeiqHHa, 
nocae 3 toto KOJie6aHHa MOCTa H3MeHHJiH 
cboh xapaicrep, pe3KO yBennunaacb hx 
aMruiHryna h uepe3 HeKoropoe BpeMa Becb 
moct pa3pymHJica. 

Hrodbi odbacHHTb sto aBJieHne 06 - 
paiqaeM BHHMaHHC Ha ocHOBHbie 3aKOHbi 
Mexaiut'iecKHX KoneOaHHH, a hmchho Ha 
CyiHHOCTb CBodonHbIX H BbfflyacneHHblX 
KOJie6aHHH [1] 

MexaHnuecKHe KOJiefiaHHa, KOTopwe 
npoHcxoqaT non neiicTBHeM chji, bo3hh- 
KaioiHiix b caMofi KonefiaTejibHofi CHCTe- 
Me, Ha3bIBaiOTCa CBoOoqHblMH (3TO COOT- 
BeTCTByeT ecTecTBCHHbiM Kone6aHHaM 
MOCTa, B03HHKai0HtHM OT Co6cTBeHHOrO 
Beca nonBecHoro MOCTa h npoxoacneHiia 
noTOKa aBTOTpaHcnopTa). 


Kone6aHHa, KOTopwe coBepmaeT 
Teno, non neiicTBHeM BHeiHHefi chjim 
H a3WBaioTca BbmyacneHHbiM (sto coot- 
BeTCTByeT k BHemHeMy B03neficTBHio 
BeTpa Ha moct). 

Hrofibi odbacHHTb npii'iuiibi pa3py- 
muTeubHoro KOJiedaHHa MOCTa BcnoMH- 
HaeM hhcjio PcHHOJibnca qua TeueiiuH 
acnnKOCTH. Hhcjio PeriHOJibnca 2300 - 
cooTBeTCTByeT Ha naMHHapHoe TeueHHe 
HCHqKOCTH, OT 2300 no 6000 - COOTBeT- 
CTByeT HeycTOHHHBOMy pexcHMy Tene- 


hiw, 6onee 6000 othochtch k Typ6y- 

JieHTHOMy TeueHHKt tKHqKOCTH. npii 
jiaMHHapHOM TeueiiHH CHJia conpoTHB- 
jieHiw F nponopqiioHanbHO CKopocra 
noTOKa i9 , a npn Typ6yneHTHOM Teue- 
hhh F nponopquoHanbHO k KBaqpary 
CKOpOCTH, TO ecn, Ha S 1 . 

JIaMHHapHbiH noTOK (6e3BHxpeBoii) 
qua naHHoro cnyuan He npencTaanaeT 
HHTepeca. Hac HHTepecyer tojibko Typ6y- 
JieHTHOe nBICKCHHe tKHqKOCTH (BeTpa). 
ilBJicHHe npaBHJibHoro pacnonotKe- 

25 


GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 



CO 


CO/j 


Phc.2. 

him Biixpeii no3aqH o6TeKaeMoro Tena 
BnepBwe 6biao H3yaeH0 SKcnepHMeH- 
TajIBHO HeMCIJKHM (}>H3HKOM EcHapOM B 
Haaaae XX Bexa. Ho tojibko 6aaroqapa 
nocJieqoBaBimiM BCKope pa6oTaM Kap- 
MaHa TaKoe TeaeHHe, Ka3aBineeca CHa- 
aaaa BecbMa CBoeo6pa3HbiM, nojiyanao 
o6MCHeHiie. no iimchh 3Toro yaeHoro 
CHCTeMa nepHoquaecKiix BHxpeii Ha- 
3biBaeTca qopoJKKoii KapMaHa. IlMeH- 
ho BiixpeBaa qopoxcKa KapMaHa HMeeT 
6oJibiuoe npaKraaecKoe 3Haaefflie. Ha- 
npiiMep, npoBoqa jihhhh saeKTponepe- 
qaan Koae6aioTca non qeiicTBHeM BeTpa, 
qyioiHero c nocToaHHoil CKopocTbio, H3- 
3a OTpbiBa Biixpefi, sth qenoHKii Biixpeii, 
nepqoqqHecKH cpwBaioiqHe c noBepx- 
hocth CTpyHbi, q B036y>KqaioT ee 3Byaa- 
qqe, noqo6HOMy npqKocHOBCHHe k hum 
naabqa. 

H3 Kypca (J)H3HKH H3BeCTHO, HTO aM- 
njiHTyqa BbiHyxcqeHHbix Koae6aHHH pe3- 
ko B03pacTaeT, ecaq nepnoq CHHycon- 
qaabHOH BHemHeii cuabi npH6aH>KaeTca 
k nepHoqy CBo6oqHbix Koae6aHHH Teaa, 
3to aBJieHHe Ha3WBaioT pe30HaHC0M. 

Ha pqc. 2 npqBeqeq pe30HaHCHbie 
KpuBbie npn pa3aHHHbix 3aTyxaHHax 
no BepTHKann OTaoxceHbi othoch- 

AK 

TenbHaa aMnaiiTyqa — - , rqe A - aM- 

M) 

njiHTyqa CMeiqeHHa, K - K03<J><J»iHHeHT 
KBa3HynpyroM cnabi, F 0 - nocToaHHaa 
cnaa, paBHaa aMnaHTyqe qeiicTByioiqeH 
CHJIbl. 

no ropH30HTajiq OTaoaceHbi othoch- 

co 

TeabHbie H3MeHeHHa aacTOTbi — , rqe co 
®o 

- KpyroBaa aacTOTa, KOTopbiil CBa3aHbi 
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c qacTOTOH Koae6aHHii v caeqyioiqHM 

OTHomcqiieM: CO = 2 nv ; ® 0 = 

aacTOTa CBo6oqHbix Koae6aHHii npn ot- 
cyTCTBHH TpeHHa. KpuBbie OTHOcaTca 

S x 

k pa3aqaHbiM 3HaaeHqaM — , rqe o 
® o 

- K03(J)(J)qqHCHT 3aTyxaHHa. KpyacoaKH 
yKa3HBaioT noaoxcefflie MaKCHMaabHoro 
3HaaeHiia aMnaHTyqbi CMeiqeHHa. 

H 3 pqcyHKa bhhho, hto npq ^ (] 

co 0 

pe30HaHC yBeanaiiBaeTca. B tom anc- 
0) 

jie, npn = 1 , to ecTb Korqa aacra- 

CO Q 

Ta BHcniHeq chjibi. PaBHaeTca k aacTOTy 

CBo6oqHwx Koae6aHHH (BeTpa) CHCTeMy 
(MOCTa), to aMnjiHTyqa CMeiqeHHa 6y- 

qeT paBHO = 0,5 h cooTBeTCTBeHHO 

CO 0 

pe30HaHC HMeeT CBoero MaKCHMaabHoro 
3HaaeHHe. 

npn ^ (| pe30Hanc He npoaBJiaeTca. 
®o 

H 3 BbimeyKa3aHHoro mojkho cqe- 
aara BbiBoq, hto npnaiiHOH pa3pyme- 
HHa TaKOMCKoro noqBecHoro MOCTa 
aBnaeTca B03HHKH0BeHHe pe30HaHca ot 
Biixpa o6qyBaeMoro BeTpoM CKopocTbio 
~17m/c. Buxpn OTpbiBaancb ot HecyiqeH 
KOHCTpyKHHH npoe3»ceH aacra MOCTa. 
npn stom aacTOTa CO Koae6aHHii BHem- 
Heii chjibi (ciuia BeTpa) npH6aH3Haacb k 
aacTOTe Koae6aHHH ciicTeMbi C0 Q (cbo- 
6oqHoe Koae6aHHe MOCTa), sto npHBe- 
jio k pe3KOMy yBeaHaemiio aMnaHTyqbi 
KOJie6aHHii CHCTeMbi (qo 1,5 MeTpa), to 
ecTb, k npoaBaemiio pa3pyiHHTeabHoro 
pe30HaHca. 

,Hqa ycTpaHeHiia Bbi3HBaioiHero 
pe30HaHca MOCTa ot BbiHyacqeHHoro 
Koae6aHiia o6cyqHM HeKOTopwe noBepx- 
hocth moctoboh qopoxcKH o6paiqeHHoii 
k noTOKy BeTpa h Timw TeaeHiia BeTpa 
BOKpyr hx noBepxHOCTH. 

Cnaa conpoTHBaeHiia, B03HHKaio- 
iqaa BcaeqcTBHe pa3HOCTH qaBaeiinii 
Ha nepeqHefi h 3aqHeii aacra (xpoMKax) 
MOCTOBOH qopOJKKH, 33BHCHT OT naOTHO- 
cth B03qyxa, CKopocra noTOKa BeTpa h 
njioiqaqH MaKCHMaabHoro nonepeaHoro 



ceaeHiia, nepneHqHKyjiapHoro noTOKy 
Q 2 

Px =C-p-S- — 

Tqe c - 6e3pa3MepHoe ancao (onpe- 
qeaaTca SKcnepiiMeHTaabHO h 3aBHCHT 
ot ckopocth) ero 3HaaeHiie npHBeqeHbi 
b Ta6jiHqax. 

p - naoTHOCTb B03qyxa, M r /M 3 
s - naoiqaqb Haii6oabinero ceaeHiia 
MOCTa, nepneHqHKyaapHoii nanpaBne- 
HHK) nOTOKa, M 2 

5 - CKopocTb noTOKa BeTpa, m/c 
noq qeficTBHeM chjibi conpoTHBJie- 
Hiia ot BHemHeii chjibi BeTpoBoro noTO- 
Ka Ha noBepxHOCTax moctoboh qopojKKH 
B03HHKaioT nonepeaHbie (KOJie6aTeJib- 
Hbie) cimw, ohh RBaaioTca pe3yjibraTOM 
Toro nepepacnpeqeaeHHa qaBaeHiiii no 
nOBepXHOCTH (naOCKOCTH) moctoboh 
qopOJKKH, KOTOpoe BbI3BaHO qeHCTBIieM 
npucoeqHHeHHoro k noTeHHiiaabHOMy 
noTOKy Biixpa, to ecTb npn stom Ha ne- 
peqHeii noBepxHOCTH MOCTa coxpaHaeT- 
ca noaojKHTeabHbie pa3HOCTH qaBJieHHH. 
3a caeT stoh pa3HHHbi qaBacHiiii bo3hh- 
KaioT BbiHyacqeHHbie Koae6aHHH MOCTa. 

3to mojkho onpeqeaHTb no TeopeMe 
>KyKOBCKoro P = p-9-F 

rqe Y - HiipKyjiaHiia ckopocth noTO- 
Ka BeTpa v. 

U,iipKyjiaHHeH T ckopocth noTOKa 
,9 no KOHTypy npocJjHJia c, Ha3biBaeTca 
KOHTypHBiM HHTerpaaoM ot CKajiapHoro 
npoH3BeqeHiia v Ha sjieMeHTapHOH dr 
qyre KOHTypa C. 

r = 9-dr 

J\jw npoc})Haa npoH3BoabHoii (J>op- 
mbi, BOKpyr KOToporo ycTaHOBimocb TeM 
nan hhbim nyTeM qiipicyaaqua paBHO 
npoH3BeqeHHio nepiiMeTpa KOHTypa Ha 
cpeqHHe H3 Bcex npoeKHiiii ckopocth Ha 
caM KOHTyp. 

no >KyKOBCKOMy BeKTop nonepea- 
hoh ciiaw P y HanpaBaeH no BeKTopy 
ckopocth Ha6eraioiHero noTOKa i9 no- 
BepHyTOMy Ha 90° b CTopoHy, npoTHBO- 
noaoacHyio HanpaBaeHHio qiipicyaaqiin. 

H3 BbimecKa3aHHoro bhhho, aro 
aMnaHTyqa BbiHyxcqeHHbix Koae6aHHH 
npHBoqaiqeH k pe30HaHcy HanpaMyio 
33BHCHT OT OTpblBaiOIHHXCa BHXpOB C 
noBepxHOCTH (npoe3aceH aacra) mocto- 
boh qopoacKH. B KOHeaHOM caeTe sto 
33BHCHT OT (JlOpMbI nOBepXHOCTH MOCTa 
o6qyBaeMoro BeTpoM. 


J\nn TaKOMCKoro MOCTa, HMeiomero 
<}>opMy jio6oboh noBepxHocra (nnoina- 
qn) b BPme HeTbipexyrojibHoii nnacTn- 
Hbi, 6e3pa3MepHbifi Kos^xjuiniieHT 6 wji 

paBeH C =1,1. TO ecTb HMen MaKcn- 
MajibHoe 3HaHeHne, KOTopbifi npiiBe.no k 
MaKCHMajIbHOMy 3aBHXpeHHKJ, COOTBeT- 
CTBeHHO aMnjiHTyaa BbiHynmeHHbix ko- 
jie6aHHH TTOKe nocTnrajia MaKCHMajibHO- 
ro 3HaHeHiM h paBHimacb c CBodoqHbiM 
KOJie6aHHeM, b pe3yjibTaTe Hero nojiy- 
Hiraca pe30HaHC n pa3pymnjicH moct. 

TaK, HanpiiMep, ana (JiopMbi nonyc(]>e- 
pw o6pameHHoii noTOKy, 3 tot ko3(]>(}>hhh- 
em paBeH C n = 0,35 n b stoh KOHCTpyK- 
hhh Buxpb o6pa3yeTC« cna6o, TeM caMbiM 
aMruiHTyiia BbiHyxcqeHHbix KOJie6aHnn 6y- 
qeT MeHbme neM CBodoqHbie KOJie6aHHa, 
cooTBeTCTBeHHo, h pe30HaHc 6yqeT cna6 
ruin coBceM He npoaBHTca. 

TaKHM o6pa30M, qjia npeqoTBpame- 
Hiia pe30HaHca moctobwx nepexoqoB 
npii npoeKTHpoBaHiiii Haqo yHHTbiBaTb 
<}>opMy jio6oboh noBepxHOCTH (sjuinnc, 
OBan, b Bnqe KJiHHa n t. n.) b 3aBncn- 
MOCTH OT 3HaHeHHH C H TeXHHHeCKOH 
3CTeTHKH. 
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TAGAYEV’S THEORY OF THE SPECIFIED 
CALCULATION OF THE COMPOUND 
PENDULUM ARM 

H. Tagaev, Doctor of International Academy “Antigue World”, 
Director of Scientific Center of Invantions of Academy, Full 
professor, Lecturer 

Jizzakh State Pedagogical Institute, Uzbekistan 

Using the differential equation of rotation of the solid body around 
an immovable axle and the Steiner’s theorem, the author has determined 
the state of the centre of gravity (the length of L is given) of a physical 
pile driver. It will clarify the matter of determination of impact strength 
of materials. It will also allow to describe the process of interaction 
between the blade of the pendulum pile driver and the tested sample, 
and also to determine the main constructive and power parameters. 

Keywords: theory, definitions, arm, pendulum, Steiner, regulations, 
reduced length, strength, impact, sample, testing, performance 
parameters, pile driver. 
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TEOPtta TArAEBA no yTOUHEHHOMY 
PACUETY riJIEUO ®H3HUECKOrO 
MAHTHHKA 

TaraeB X., q-p Meacqyqapoqnoii aKaqeMiin “Antigue World”, 
qqpeicrop qayaqoro qenTpa H3o6peTeHHH aKa/ieiunu, qpo<}>., 
npenoqaBaTeJifc 

fl3KH3aKCKHH rocyqapcTBeqqbiii neqaronmecKHH qqcTqiyr, 
y36eKHCTaH 

ItpuMeHaa aHijM^epemiHaubHoe ypaBHemie p.pamcinisf, Tiicpaom 
Teaa BOKpyr iieno.inii/Kiiofi ocn h Teopeniy [ I [icwnepa, onpcpcJiciio 
rnieao (iipiinepeiinafi .pinna lnp) ([iMin'iecKoio uairniHKa, 'no BHeceT 
onpeaeacmiyio acHOCTb b Bonpocbi TeopHH oiipe.ae.aenmi yaapnon 
BS3KOCTJI MarepMajion h no3BOJiHT onncaTb npcqecc B3aHMoqencTBHS 
jiCiBaa MaaraiiKOBoro Konpa c HcnbiTbiBaeMbiM oopaanoM. onpeae- 
jiHTb ocHOBHbie KOHCTpyKTHBHbie h CHJioBbie napaMeTpbi. 

KjuoneBbie cjioea: Teopna, oiipcpeJienna, nneno, MaaTHHK, 
IllTeriHep, noaoaceHiia, iipnnc;[cfi[iaa qmiHa, Ba3KOCTb, yqap, oopaaep, 
HcnbiTaHna, cimoBbie napaMeTpbi, Konep. 

y H3CTHHK Koi[(|)epeii!uiH, HannOHajibHOro nepBeHCTBa no HaymioH aHajniTHKe, 
OrapbiTOro EBponeiiCKO-A3HaTCKoro nepBeHCTBa no nay'inoii anaanroKC 
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3 a qocaeqqqe 40 aeT qoaBiiaocb 
MHoro acypqaabqwx CTaTeii h KHiir, 
nocBameHHbix 03HaK0MJieHHio c Kpn- 
TepiraMH oqeqKii coqpoTiiBaeqqa Koq- 
CTpyKqqoqqwx MaTepnanoB, CTedaeii, 
pacTeqqq h Miiqepaabqwx yqodpeqqii, k 
qqqaMnaecKiiM qarpy3KaM, KOTopwe oc- 
qoBbiBaioTca qa oqpeqeaemin 3Heprnn, 
3aTpauMBaeMoq qa cpe3, aepe3 qaeao 
(J)M3MHecKoro MaaTqqKa. 

OqqaKo, cpeqq 3tmx cTareii n khht, 
qpn pacaeTe qaeao <J>q3iiaecKoro MaaT- 
qqKa, iiMeioTca pa3nbie (popMyaqpoBKe, 
Tax qeKOTopbie M3 qnx qaeao MaaTqqKa 
qpeqaaraioT oqpeqeaiiTb, paccToaqneM 
ot peacyuten kpomkii qo ocn qoqBecKq, a 
qpyrqe paccToaqneM ot qeqTpa TaacecTM 
MaaTqqxa qo ocq Bpaiqeqqa. 

HaqpnMep, aBTop padoT [1] qpq 
BbiHHCaeHHH cyMMapqoii padoTbi qe- 
(JiopMaqqq pa3pymeqna qcqbiTbiBae- 
moto odpa3qa oqpeqeaaeT qo (popMyae 
W = FI ( cos ft - cos a) kFc-m h qpeq- 
qaraeT oqpeqeaqTb qaeao <]>q3qaecKO- 
ro MaaTqqKa odo3naaaa /- aepe3 pac- 
CToaqqe ot pexcyiqeii KpoMKq ae3Bna 
qoaca qo ocq qoqBecKq (pqc.l), rqe 
a - yroa qepBoqaaaabqoro qoqT,eMa 
MaaTqqKa; p - yroa qoqbeMa MaaTqq- 
Ka qocae coBepmeqna padoTbi M3aoMa 
odpa3qa. 

Abtop padoT [2, c. 271] B.T. Ceqy- 
kob BbipaxcaeT ero qo caeqyioiqeq (pop- 
Myae: 

A = G-l ( cos a - cos ft), 



rqe G - cnaa Taacecm MaaTqqKa; / - 
paccToaqqe ot pexcyiqeii kpomkii ae3Bna 
qoaca qo ocq qoqBecKH, cm; 

a - yroa xoaocToro B3aeTa MaaTqqKa; 
P - yroa padoaero B3aeTa MaaTqq- 
Ka; 

H 3 (popMyaw Biiqqo, uto aBTop qy- 
TaeT odo3qaaeqqe yraoB a q p, to ecTb 
qpn pacaeTe qoayaaeTca pe3yabTaT c 
MqqycoM. Ilo qarneMy Mqeqqro, qpn Ta- 
kom odo3qaaeqqq yraoB a q p (popMyay 
qyacqo dbiao BbipaacaTb b Bqqe A = G l 
( cos ft - cos a) 

ABTopw padoT 3, 4 (c. 48) oqpeqeaa- 
K3T cyMMapqoii padoTbi, Bbipaacaa / ae- 
pe3 - r qo (popMyae A = Gr (cos a - cos 
ft) kT c-m, rqe G-cyMMapqwii Bee Bcex 
qeTaaeii MaaTqqKa b kTc; 

;• - paccToanna ot qeqTpa TaacecTq 
MaaTqqKa qo ocn Bpaiqeqqa (Pqc. 2); 



P - yroa qcxoqnoro qoaoaceqqa Ma- 
aTqqKa; 

a - yroa B3aeTa MaaTqqKa qocae co- 
Bepmeqqoq padoTbi. 

IIo3TOMy, qaa Bbiacqeqqa Baqaqqa 
3qaaeqqa ;• q / qa Koqeaqbiii pe3yabTaT 
qpoq3BeqeM pacaeTbi qo (popMyaaM [1 
q 4], Ilcxoqnbie qaqqwe qaa pacaeTa 
dwaq qpqqaTbi q3 [4. CTp. 49] 

W = FI ( cos ft - cos a) = 15 1,99 

(cos60° - cos90°) = 15,76 kT c-m (1) 

A = Gr (cos a - cos ft) = 15,9 
0,99 (cos 60° - cos 90°) = 7,85 kTc-m (2) 
H 3 BbimeyKa3aqqoro Biiqqo, aro 
qpq Bcex qpoaqx paBqwx ycaoBiiax 
pe3yabTaTbi, qoayaeqqwe b 3Tqx qByx 
(popMyaax, dyqyT pa3aqaqw. 

OqqaKO, 3naaeqqe r, b ocqoBqoM, 
3aBqcnT ot MecTa pacqoaoaceqqa rpy3a, 
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TaK, ecjiH rpy3 pacnojioaceH Ha hhjk- 
Heii (pexcynieii) Haem, to 3HaHeHHH r 
h I MoryT npn6jiH3HTbcn qpyr k qpyry, 

B 3aBHCHMOCTH OT BCJIHHHHbl CHJIbl TH- 
JKeCTH CTepJKHfl M ; H flHCKa M r HO He 
coBnaqyx ,Z(jis qoKa3aTejibCTBa 3Toro, 
TeopeTHHecKH onpeqeJiaeM nojioxceHHe 
qempa KanaHiM npocTefimero ManTHH- 
koboto Konpa. 

^onycTHM, hto MaaTHHKOBbiH Konep 
COCTOHT H3 OqHOpoqHOTO CTepJKHfl qjIH- 
hoh / , k KOHqy KOToporo qpHKpeqneH 
Kpyrjibiq oqHopoqqfciH qncK c paqnycoM 


r'= c (phc.3). 
8 


B HaqanbHbiH momcht ManTHHK ot- 
KJioHeH ot BepTHKanbqoro, nojiroKeHiw 
Ha yroji q> Q h eMy 6biJia coo6iqeHa Ha- 
qanbHaa ymoBaa CKopocTb (p’ Q , Macca 
qHCKa b qBa pa3a 6oJibine Maccw CTepxc- 
Hfl. 

Bw6paB HanpaBnenne nojio>KH- 
TeJibHoro OTcneTa yraa noBopoTa 
( P Q OT BepTHKajIH npOTHB HaCOBOH 
CTpejiKH, HanpaBHM ocb Z b^ojib och 
npHBeca ManTHHKa b TOHKe O nep- 
neHqHKyjiapHO k njiocKOCTH pqcyH- 
Ka. 

BHeniHHMH CHJiaMH, npqjiTOKeHHbi- 
MH K MaHTHHKy, HBJMIOTCH: P = Mg - 
CHJia TJDKeCTH CTepJKHfl, G = Mg - CHJia 
TimecTH qHCKa, h R h R - coeraBJuno- 
ique peaKqun och noqBeca ManTHHKa. 

npuMeraeM qH(}>(}>epeHqHajibHoe 
ypaBHCHne BpaiqeHiw TBepqoro Tejia bo- 
Kpyr HenoqBiDKHOH och: 


1 ,W=Y J m A F k) 

k = 1 

MOMeHT CHJI Rj H R 2 , OTHOCHTeJILHO 
och npHBeca Z, paBeH Hyjiio, cjie^OBa- 
TenBHo: 


X m ? ( F k ) = m z ( p ) + (G) = 


= ~ M i g y sin <Po ~ M 2 g(l c + r') sin (p„ (4) 


3HaKH MHHyc yKa3WBaioT, hto Ha- 
npaBneHiw MOMema chji P u G npoTH- 
Bonojio>KHbi HanpaBJieHHio nojiojKHTejib- 
Horo OTcneTa ynia noBpoTa cp a 

b 

YnuTbiBaa, hto M, = 2M, h r’ = — 

2 1 o 


nojiyHHM, hto cyMMa momchtob bh oti i- 
hhx chji oTHocHTejibHo och Z 6yqeT 


X m -~ ( p k ) = “7 M i sh sin % (5) 

k= 1 *+ 

BbIHHCJIHM MOMeHT HHepqHH M3HT- 
HHKa OTHocHTejibHo och npHBeca Z KaK 
CyMMy MOMeHTOB HHepqHH CTepJKHH I T (,) 
H I* 2> JX HCKa OTHOCHTejIbHO TOH >Ke OCH! 


1=1™ +I} 2) 


( 6 ) 


IIpHMCHHB TeopeMy lllTCHHepa h 
Ic 

yHHTtiBaa, hto M 2 = 2M } h r' = — , Ha- 

8 

XO£HM 

2 (7) 


12 


1 , 


= M, -L « 0,34 M.i: 
1 3 


I. = M, — + MM + r'y = 

2 2 \ c ( 8 ) 
7 l l 2 

-- M 2 — + MM 2 + — + — ) = 1,28 MJ 2 
2 64 2 c 4 64 2c 

noqcTaBHB 3HaneHHe nojiyqHM 


( 2 ) 


= \,2%-2MJ 2 c ~2,56M x I c 2 (9) 


cjie^OBaTejiBHO, momcht HHepunn 
MaOTHHKa OTHocHTejibHo och npHBeca 
paBeH: 

- 0,34M 1 / C 2 + 2,56M { l c 2 = ( i 0) 
= 2,9 MJ C 2 

n 

noqCTaBHB I>zCO H I 7 H3 
k = 1 


(JiopMyjibi (5) h (10) b ypaBHeHHe (3), 
nojiyniiM 2. 9MJ c 2 <p c = -2,7 5 gl c <p 0 

2 75 

hjih cp'a + — — sin ©i=0 

0 2,9 l c 0 

PaccMOTpHM Majitie KOJieGaHHH Ma- 
ATHHica, npe^nonoacHB, hto sin^P 0 ® 
(p Q , Toraa ^H(J)(t)epeHHHajibHoe ypaBHe- 
HHe KanaHHH MaOTHHKa npHHHMaeT bhji: 


<+Y^<p 0 = o, 


0603HaHHB 


2-9 l c 


( 11 ) 


nepemimcM nojiyncHHoe ypaBHCHHe 

Tax 

KpyroBaa nacTOTa KOJie6aHHH 



, 2.75 -g 

k = — ot HaqanbHbix ycjioBini 

\ 2-9 ■/„ 

qBHJKeHHH He 33BHCHT. 

J \ jis onpeqeJieHHH noJioaceHHa qeH- 
Tpa KanaHHH qaHHoro MaaTHHKa cjieqyeT 
ynecTb, hto qemp KanaHHH OTCTaeT ot toh- 
kh npHBeca O Ha paccTORHHe npHBeqeHHoii 
qjniHOH / (})H3HHecKoro MaaTHHKa (npHBC- 
qeHHOH qjniHoii (jiH3HHecKoro ManTHHKa 
Ha3biBaeTC« qjniHa hhth MaTeMarHHecKoro 
ManTHHKa, KpyroBaa nacTOTa KanaHHH ko- 
Toporo paBHa KpyroBoii nacTOTe KanaHHH 
qaHHoro (jiH3HHecKoro MaaTHHKa). 

KpyroBaa nacTOTa KOJie6aHHH Ka- 


H3HHH MaTeMaTHHeCKOTO MaHTHHKa 


K.. 



qjia paccMaTpiiBaeMoro 


3HHeCKOTO MaHTHHKa K r 


| 2,7S-g 
i 2,9 ■ l c 


(j)H- 


npnpaBHHB KBaqpaTbi KpyroBbix 
nacTOT K m h K , naxo/iHM npiiBeqe 
HOH qjIHHOH (})H3HHeCKOrO MaHTHHKa 


L P K 2 75 

Ciie^oBaTejiBHo, ueHTp KanaHHH 
^aHHoro Ma5iTHHKOBoro Konpa otctb- 
eT OT TOHKH npHBeca O Ha paCCTOHHHH 


/ ^‘9 HJ1H / =j f 47l (pHc. 3 ). 
c 2.75 np 

HT06bI BBmCHHTB BJIHflHHe / H l - 

np 

paCCTOflHHe OT peacymeH KpOMKH Jie3BHH 
Ho^ca ^o och no^BecKH Ha BejiHHHHy 
OHeprHH, 3aTpaHHBaeMOH Ha cpe3, npo- 
H3Be^eM cooTBeTCTByiomHe pacneTBi no 
cjie^yiomHM ^aHHBiM: 
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1 = 2 M r 1 = 1 /8 = 0,25 , 

C. M O J M J 


OTKyaa paccTOHHHH ot ijeH- 
Tpa KanaHHfl MaaTHHKOBoro Konpa 
#0 tohkh npHBeca l np 6yaeT paBHo: 
/ =1.47-1 =1,47-2=2,94 m, a jiJiHHa Ma- 

np c 

aTHHKa hjih paccTOflHHe ot peacymen 
KpOMKH Jie3BHH HO^Ca ,30 och no^BecKH 

l =1 +r’= l +1 /8=2+2 / 8=2, 25m, cue- 

c c c 

^OBaTenBHO, OHepnra, 3aTpaHHBaeMaa Ha 
cpe3 no 3HaneHiwM / nl , 6yqeT paBHa: 
A, =G-/„ p (cos60“-cos90°)= 

= 15.9-2.94(0.5-0) = 16.6 kTc-m 

A 2 = G/(cos60° - cos 90°)= 

= 15.9-2, 25(0.5-0) = 18 kTcm 

OTCioqa caeqyeT, hto pa3HHqa co- 
CTaBJiaeT 8%, hto cooTBeTCTByeT 3Ha- 


HeHHio = 2 hjih M=2 M,. OqHa- 

M, 


KO, OCHOBHBIM (}>aKTOpOM, BHHHIOiqHM 
Ha 3HaneHiM / h A , HBJiseTca BejiHHHHa 

np 1 


^ 2 . HanpiiMep, qaa cjiynaa M,=M ; H3 
Mj 

4>opMyjibi (8) 

J z (2) = 1.28M 2 / 2 = 1.28M,/ c 2 

J z = J z m + J ( ? = 0.34M,/ 2 + 

+ 1.28M, 2 = 1.62M,/ 2 
npoH3Bo^a aHajiorHHHBie pacneTBi, 
nonyHHM 


l np = 1.62/2.75/ 0 a 0.66 • 2 = 1.32 M 
A, =15.9 • 132(0.5-0) = 10.45 kTc-m, 


a npn 3tom pa3Hnqa pe3yjibTaTOB Meacqy 
3HaHeHH5iMH A t h A 2 cocTaBaaeT 42 % 
H.T.q. 

H3 CpaBHHTeJIbHbIX pacneTOB BHqHO, 
hto c yMeHbincHHeM Maccw rpy3a M ; npo- 
qopquoHajibHO yMeHbinaeTca 3HaHeHiie I 
h cooTBeTCTBeHHO, yBejiHHHBaeTca pa3HH- 
qa BcaHHHHbi pe3ynbTaTOB Meacqy A t nA r 

AHaaH3Hpya npiiBeqeHHbie npiiMe- 
pw pacneTOB, mtokho cqeaaTb BbiBoq, 
hto BejiHHHHa paccToaqqa r, ot och 
B paiqeHiia qo qeHTpa TaacecTH (npHBC- 
qeHHaa qaHHa / ) MaaTHHKOBoro Konpa 
33BHCHT ot Maccw rpy3a h ero MecTa 
pacnofloaceHna. ,H,aa KOHCTpyicqHH Ma- 
aTHHKOBbix Konep - qiiHaMorpaijioB, c 
3aKpenjieHHbiM rpy30M Ha ero BepxHen 
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HacTH [4] (pnc.2), c yBeaHHeHHeM Beca 
rpy3a 3HaneHHe r yMeHbinaeTca, a qaa 
KOHCTpyKqHH MaaTHHKOBbIX KOnpOB, B 
KOTopbix rpy3 3aKpenjiaeTca Ha HHacHefi 
HacTH MaaTHHKa [2] (pnc. 1) Hao6opoT, 
c yBeJiHHeHneM Beca rpy3a yBejiHHHBa- 
eTca. 

Kax BiiqHO onpeqeaefflie pa6oTbi, 
coBepmaeMOH MaaTHHKOM, Ha cpe3e 
ycTaHOBJieHHOH cTpyacKH o6pa3qa qo- 
CTaTOHHO noqHO H3qo>KeHO b [4] h qq a 
ncnoqb3yeMbix b Heft noHaTiift / -naeno 
4)H3HHecKoro MaaTHHKa h r - paccToaHHe 
ot qempa Taacecra MaaTHHKa qo och ero 
BpaiqeHiia, KOTopwft HeTpyqHO Haimi 
acHoe (J)H3HHecKoe ToaKOBaHiie. 

3qecb Haqo 3aMeTHTb, hto aBTopw 
CTaTbH [1] H KHHrH [2] OIHH6aiOTCa, TaK 
KaK / 3aBHCHT OT KOHCTpyKTHBHOft OCO- 
6eHHOCTH CTepacHa h MecTa ycTaHOBKH 
rpy3a Ha MaaTHHKe. 

TaKHM o6pa30M, noKa3aHa BO3M05K- 
hoctb npiiMeHeHiia qaHHoft Teoprai qaa 
onpeqeaeHHa noaoaceHiia naeno 4>h3h- 
necKoro MaaTHHKa, KOTopwe qoaacHbi 
BHecTH onpeqeaeHHyio acHocTb b bo- 
npocw Teoprai onpeqeaeHHa yqapHoft 
Ba3KOCTH MaTepnaaoB. CyiqHOCTb 3Toft 
TeopHH Haqo yHHTbiBaTb npn onpeqe- 
aeHHH yqapHOH Ba3KOCTH MaTepnaaoB, 
b npoTHBHOM cjiynae MoryT 6biTb oihh- 
6oHHbie pe3yabTaTbi. IlosTOMy qeae- 
coo6pa3HO 6wao 6u BBecra qaHHyio 
Teopnio npn H3yneHHH KypcoB: 4>H3HKa; 
TeopeTHHecKofi MexaHHKH; conpoTHBae- 
Hiie MaTepnaaoB b BHqe TeopeTHHecKiix 
3H3HHH h aadopaTopHoft pa6oTbI. 
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Branch of science 

Dates 

Stage Event name 

JANUARY 

Educational sciences and 
Psychology 

19.01-26.01 

I 

Modem peculiarities of the identity formation and social adaptation in 
conditions of the liberal values crisis 

FEBRUARY 

Philology 

09.02-15.02 

1 

Theoretical and practical problems of language tools transformation in 
the context of the accelerated development of public relations 

Culturology, Physical culture and 
Sports, Art History, History and 
Philosophy 

09.02-15.02 

I 

Cultural and historical development of the society as the dynamic 
expression of the self-learning human existence 

MARCH 

Medicine, Pharmaceutics, 
Biology, Veterinary Medicine and 
Agricultural sciences 

10.03-15.03 

I 

Problems of fighting human and animal diseases in tenns of the 
biosphere conditions deterioration 

Economics, Jurisprudence and 
Management, Sociology, Political 
and Military Sciences 

10.03-15.03 

1 

Social relations and conflicts in conditions of intensification of 
economic processes and dominance of liberal ideology 

APRIL 

Physics, Mathematics and 
Chemistry, Earth and Space Sciences 

06.04-12.04 

1 

Theoretical and applied problems of physical, mathematical and 
chemical sciences in the context of the social demand for the knowledge 
limits expansion 

Technical Science, Architecture and 
Construction 

06.04-12.04 

I 

Methods of effective science-based satisfaction of the increasing social 
needs in the field of engineering, construction and architecture 

MAY 

Educational sciences and 
Psychology 

12.05-17.05 

II 

Influence of knowledge and public practice on the development of 
creative potential and personal success in life 

JUNE 

Philology 

08.06-13.06 

II 

Issues of preservation of originality and interference of national 
languages in conditions of globalized international life 

Culturology, Physical culture and 
Sports, Art History, History and 
Philosophy 

08.06-13.06 

II 

Human creativity phenomenon in ups and downs of the historical 
process 

JULY 

Medicine, Pharmaceutics, 
Biology, Veterinary Medicine and 
Agricultural sciences 

06.07-12.07 

II 

Innovative approaches in diagnostics and treatment of human and 
animal diseases caused by injuries, genetic and pathogenic factors 

Economics, Jurisprudence and 
Management, Sociology, Political 
and Military Sciences 

06.07-12.07 

II 

Value of the personality and collective interactions in the social progress 
ensuring process 

AUGUST 

Physics, Mathematics and 
Chemistry, Earth and Space Sciences 

04.08-10.08 

II 

Modem methods of studying matter and interaction of substances, as 
well as the subject-based relations modeling 

Technical Science, Architecture and 
Construction 

04.08-10.08 

II 

Solving problems of optimal combination of standards of quality, 
innovative technical solutions and comfort of operation when 
developing and producing devices and construction objects 

SEPTEMBER 

Educational sciences and 
Psychology 

13.09-19.09 

III 

Hannonious personal development problem in relation to specificity of 
modem education and socialization processes 

OCTOBER 

Philology 

05.10-10.10 

III 

Trends of language cultures development through the prism of 
correlation between their communicative functions and cultural- 
historical significance 

Culturology, Physical culture and 
Sports, Art History, History and 
Philosophy 

05.10-10.10.10 

III 

Significance of personal self-expression and creative work in the course 
of formation of the society’s cultural potential 

NOVEMBER 

Medicine, Pharmaceutics, 
Biology, Veterinary Medicine and 
Agricultural sciences 

10.11-15.11 

III 

Modem methods of ensuring health and quality of human life through 
the prism of development of medicine and biological sciences 

Economics, Jurisprudence and 
Management, Sociology, Political 
and Military Sciences 

10.11-15.11 

III 

Correlation between humanity and pragmatism in target reference points 
of modem methods of public relations regulation 

DECEMBER 

Physics, Mathematics and 
Chemistry, Earth and Space Sciences 

07.12-13.12 

III 

Object-related and abstract techniques of studying spatio-temporal and 
structural characteristics of matter 

Technical Science, Architecture and 
Construction 

07.12-13.12 

III 

Current trends in development of innovations and implementation of 
them into the process of technical and constmction objects production 
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